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INTRODUCTION, 


In 1921 the senior author spent a few days at Oruro in company 
of Messrs. Fred Hellman, Horace Graham, and H. F. Grondijs, 
all well acquainted with the district. The mines of Socavon de 
la Virgen, the Itos and the La Colorada were visited and good 
collections obtained, which, with a fine suite of specimens taken 
by Mr. Howland Bancroft some years previously and generously 
donated to the Massachusetts Institute of Technology, form the 
basis of this report. For courtesies at the mines, we are indebted 
to Mr. G. E. Wiessing of the Compafiia Minera de Oruro. 
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As is well known, Oruro is one of the most famous silver camps 
of Bolivia. According to F. C. Lincoln ‘ * the mines were worked 
by the Incas and reopened by the Spaniards in 1595, the Socavon 
and Atucha being the mines mentioned as in operation at that 
time. The veins proved immensely rich and about 1678 rivaled 
Potosi in importance. In the three years preceding the war of 
liberation (about 1824), Lincoln states, taxes paid to the Spanish 
Government amounted to $40,000,000. Wiener * states that the 
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Fic. 1. Map of the vicinity of Oruro, showing mines, veins, and develop- 
ments. After Wiener, Annales des Mines, 1894. Scale 1: 25,000. 
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silver production from 1865 to 1891 was about 1,000,000 kilo- 
grams. The total production of the camp is estimated at $200,- 
000,000, which may correspond to something like 8,000 tons; 
which places the camp among the great silver producers of the 
world. 


* Footnote numbers refer to the appended Bibliography. 
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About 1885 the mines were reopened and since that time the 
production has been more or less continuous, although not rivaling 
the ancient glory of the camp. Tin has been produced, certainly 
since 1885, probably also previously. 

At present the Compania Minera de Oruro operates the 
Socavon, Itos, and Colorada mines and the Empresa Minera de 
Porvenir de Huanuni is working the San José mine. Both are 
Chilean companies. The mill of the former is at Machacamarca 
and that of the latter at Poopoo. 

The production in 1915 was, according to Lincoln, 780,000 
ounces of silver and about 4,000 quintales of tin concentrates (440 
tons ). 

According to Cladera,*® the annual tonnage of ore produced in 
the camp is about 7,000 to 9,000 tons at each mine, the tenor in 
silver 700 to 1,200 grams per ton, and 2 to 6 per cent. of tin. 
From this it would appear that the combined output ef silver in 
Oruro is about 18,000 kilograms per annum, or about 430,000 
ounces. It should be remembered that the tenor indicated is for 
hand-sorted ores. Brief descriptions of the district are found in 
the papers by F. C. Lincoln and J. T. Singewald, Jr.” ** 


GEOLOGY. 


The city of Oruro is situated 147 kilometers S.E. of La Paz at 
an elevation of 12,120 feet; above it the foothills of the eastern 
Andes rise to a height of 10,000 to 17,000 feet. 

The geology is comparatively simple. A series of sedimentary 
slates and quartzite with northerly strike and steep dip is con- 
sidered as of Silurian or Devonian age. The nearest fossils are 
found in the vicinity of Viacha, a considerable distance northward. 
The schistose rocks contain quartz, chlorite, sericite, sometimes 
also carbonaceous matter. The slates are intruded by an acidic 
porphyritic mass which is about 10 kilometers long and 2 kilo- 
meters wide with many inclusions of slate near the margins. It 
is a fine-grained greenish or grayish rock showing quartz and 
feldspar phenocrysts. A geological map is published in Cladera’s 
paper,® but unfortunately the correct scale is not indicated. 
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Cladera states that at the contact the slates are metamorphosed in 
places to hornfels. Our specimens of the igneous rocks were too 
sericitized to analyze. Kittl* gives analyses of two specimens. 


MINERALIZATION. 


From the various published accounts of the Oruro district it 
would appear that there are at least four different types of ore 
deposits. 

1. Gold-bearing Quarts Veins.—According to Cladera* these 
are numerous, intersect the slates obliquely and have been worked 
more or less intensively during colonial times. The quartz is 
poor in gold and the veins offer little incentive to renewed ex- 
ploitation. The age of these deposits is in doubt. Probably they 
are older than the tin-silver deposits. 

2. Lead-barite Veins—As a representative of this type the 
Tetilla mine is mentioned by R. Pohlmann.” They certainly are 
not closely related to the tin-silver mineralization. Their age is 
unknown. 

3. Tin-silver V eins.—These are the most important in the dis- 
trict and the mines of Socavon de la Virgen, Itos and San José are 
specially mentioned in this paper. The age is probably late Ter- 
tiary, and they are younger than the intrusive dacite porphyry. 

4. Cassiterite-pyrite Vcins—This group, well known elsewhere 
in Bolivia, is represented by the La Colorada Mine near Itos. The 
ores contain very little silver. They are believed to be a special 
phase of the tin-silver deposits. 


THE MINES OF THE PURISSIMA VEIN SYSTEM. 


The principal mine, called the Socavon de la Virgen, is located 
in the town of Oruro and is working the Purissima vein, which 
strikes about N-—S and has several stringers and a steep but 
variable dip. In 1921 the vein was developed to a depth of 890 
feet (270 meters) below the Socavon or adit. The outcrops are 
400 feet above the Socavon. In about a mile or less the vein 
curves to the west and enters the San José property, and still 
farther on at the western edge of the hills is worked in the Itos 
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property (Fig. 1). Near the Itos the La Colorada mine is located 
on two fissures in slate. This is a cassiterite-pyrite vein and will 
be described in more detail later. 

The San José mine (in 1917) was developed to a depth of 1,250 
feet. The Itos mine has been worked to a depth of about 1,600 
feet. There can be no question but that the Socavon, the San José 
and the Itos are working the same vein and that it has similar 
characteristics throughout. The Purissima veins are from 160 
centimeters to one meter in width, and pyrite, with quartz, is the 
principal mineral. This, being barren, is sorted out as far as 
possible in the mine. The veins have no well-defined walls or 
indications of post-mineral movement, and are adjoined by 
pyritized country rock. They are of the replacement type, though 
in places there is undoubtedly also more or less of filling. A drusy 
texture is common. There are several splits in the Socavon 
ground, the principal branches intersecting the porphyry contact 
northward. The ore is partly oxidized down to the tunnel level. 
Below the tunnel level the ore shoot tends to split into three prongs. 
At the north end of the 400 foot level the vein enters slate and is 
lost in stringers containing some silver. On the bottom level 
the contact between slate and porphyry is again seen on the north 
side where the vein shows one meter thick of heavy pyrite in slate. 
Forty meters back of this, good silver ore is exposed as parallel 
and joining stringers. Still farther south, rich silver ore con- 
taining 1,000 ounces per ton was noted. There seemed to be little 
tin ore on the lowest level. 

In the Itos vein, the outcrops are oxidized with little pyrite and 
are rich in tin and si.ver. The vein is similar to that of the 
Socavon Mine, but on the whole is richer in silver with much 
andorite. The lowest levels carry ore as rich as in the richest 
parts above, but there seems to be little tin. 


THE COUNTRY ROCK AND ITS ALTERATION, 


The Porphyry.—The prevailing rock is a gray to greenish fine- 
grained, holocrystalline porphyry containing large rounded pheno- 
crytsts of quartz and bleached whitish pink feldspar phenocrysts 
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None of our specimens were fresh enough to analyze. A small 
amount of disseminated pyrite is present and later quartz-pyrite 
veinlets intersect the rock. 

FE. Kittl* has published two analyses of fresh porphyry from 
the southern part of the intrusive area. They are said to contain 
quartz, orthoclase, plagioclase, hornblende and a groundmass, 
mostly of plagioclase. 

TABLE I. 


ANALYSES OF ORURO PORPHYRY, MADE AT THE NATIONAL SCHOOL OF MINES, ORURO 





I 2 
| SAS eee ere heer or 64.73 65.97 
MDS: a ocak an ese seue he cee s Don Eee 1.37 0.97 
IRS 75a a's ay tec ee eee ere: Yt 14.17 
0S OE ae ye sy ain PA gs -. 0.63 0.25 
BD de che lata Ob ghcarenerd kh’ swith s bas rowers 2.33 2.66 
INE eck 5 ets te cians oS Rete ey eae o9 0.08 0.08 
Os 6 Ni ee Cabernet ry i ane E ERI sng tt es te 1.52 1.24 
Ot SES Ee ere ery ge eer eee 4.03 4.29 
Na2O Terre Tee eee eee 4.63 4.20 
DED 5's Wo a4 5.0 AERTS oh bE Oe RE eS 2.43 2.39 
eR IED «5255 6G ,8 8 erty koe wie eS Mae RS eee 0.31 0.31 
APREOD 562s 65a bas cen ee eRe See ee 3-53 3.04 
BARDS 5 G.cc caicuuceks Pela wee Ow baek teats 0.54 0.35 
6K AS TAR euie nae tweeters es Smite tr tr 
100.17 99.92 
BONDS MOMENW os soi vo, oe are : eh ase ee 2.631 2.634 


Unfortunately there is no detailed description of the sections of 
this rock. It must, however, be fairly fresh as it shows biotite 
and plagioclase, but the high water content indicates a considerable 
amount of alteration, perhaps to chloritic products. The amount 
of secondary sericite can not be very great. 

The field relations indicate clearly that the rock is a near-surface 
intrusive, so that according to American usage, dacite or rhyolite 
are not correct names. It has frequently been called a dacite, but 
it has no connection with surface flows. It might be called a 
dacite porphyry, or, considering its intermediate composition, a 
latite porphyry. 

The chemical composition is exactly that of a granodioritic 
magma.* We take it that the intrusives of the Bolivian Andes are 

* According to my definition a quartz-monzonite is intermediate between a granite 
and a quartz diorite. A granodiorite is intermediate between a quartz diorite and 


a quartz monzonite. (W. Lindgren, ‘ Granodiorite and Other Intermediate Rocks,” 
Amer. Jour. Sci. (4), vol. 0, pp. 269-282, 1900.) 
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Fic. 2. Thin section of altered dacite porphyry, showing skeleton 
pyrite crystals developed during sericitization. The cores of the crystals 
commonly consist of sericite. X 43. 

1G. 3. Thin section of altered dacite porphyry. Groundmass shows 
quartz in euhedral crystals, surrounded by quartz. > 43. 

Fic. 4. Thin section of altered dacite porphyry. Shows zoned crys- 
tals of alunite with steplike growth. Black is pyrite. Groundmass 
mostly quartz. X 200. 

Fic. 5. Polished section of ore from the Socavon de la Virgen. 
Shows bent zinckenite crystals (Z) replacing stannite (S). > 65. 
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generally of Tertiary age and of the Pacific intermediate type. 
The rock is more or less closeiy related to the quartz monzonite 
of Caracoles. Both rocks no doubt came from the same magma 
chamber. 

Near the veins the dacite porphyry is more or less replaced by 
sericite, pyrite and quartz. Feldspar phenocrysts and_ biotite 
plates are sericitized. Pyrite replaces phenocrysts and ground- 
mass and often appears as skeleton crystals, the inner parts being 
filled with sericite. Sometimes there are alternating bands of 
sericite and pyrite (Fig. 2). The groundmass is extensively re- 
placed by quartz which may concentrically surround the quartz 
phenocrysts. [uhedral quartz is common in the groundmass, and 
it is believed that the original groundmass was partially dissolved 
by early solutions, resulting in a porous, vuggy rock which was 
later infilled by subsequent quartz (Fig. 3) having the same orien- 
tation as the older generation of euhedral crystals. There is no 
uniform quartz mosaic as would be expected if the process had 
taken place in one stage of silicification. A small amount of cas- 
siterite is found in the silicified groundmass. Alunite in typical 
cube-like crystals is not uncommon in the altered wall rock (Fig. 
4) and appears to be one of the older minerals, perhaps even 
earlier than the pyrite. Veinlets of quartz with pyrite and alunite 
intersect the rock. 

There is no barite, fluorite, or topaz, but replacing the feldspar 
are radiating groups of minute, colorless needles which proved 
difficult to identify. They have rather strong birefringence, nega- 
tive elongation, parallel extinction, and an index of about 1.70. 
It is not impossible that the mineral is tourmaline, but the definite 
identification is still in abeyance. 

Both alunite and the doubtful mineral occur in the altered 
country rock of Potosi.* 

The Sedimentary Rocks.—-The argillite, which in places forms 
the country rock of the veins, is a dense dark gray rock with a 
spotted appearance caused by bleaching. Disseminated pyrite is 


* W. Lindgren and J. G. Creveling, “‘ The Ores of Potosi,’ Econ. GEot., vol. 23, 


p. 244, 1928. 
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common. In thin section the argillite shows fine-grained sericite 
and quartz. There is an incipient silicification with segregation 
of quartz in indefinite areas. 


MINERALOGY. 
Gangue Minerals. 


Ouartz.—Quartz, of various textures from comb-quartz to 
drusy and massive, is the most common gangue mineral. It is 
medium-grained to fine-grained and nowhere shows indications of 
colloform structure. In this it is similar to the quartz of Potosi. 
The quartz from the Chocaya tin district + apparently deposited 
nearer to the surface, does show evidence of original colloidal! 
deposition. 

The period of deposition of quartz began early and continued 
apparently throughout the deposition of ores. 

Alunite—Alunite is fairly common in the altered country rock 
and in quartz veinlets and occurs in typical cube-like crystals 
(Figs. 4 and 6) with characteristic steplike faces. Alunite was 
first noted by L. J. Spencer, apparently on pyrite. Its period of 
formation began early and continued at least during a part of the 
sulphide deposition. 

Augelite—Al|:PO,*Al(OH); is mentioned by L. J. Spencer 
from Machacamarca mill, thus probably from Oruro. Little is 
known about its association; probably it is a product of oxidation. 
The presence of phosphates at Oruro is interesting in view of the 
solubility of cassiterite in phosphate solutions. As is well known, 
Vivianite is common at Llallagua and also reported by Spencer 
from Tasna and Tatasi. 


Ore Minerals. 


Pyrite—Pyrite is the most abundant mineral present; it forms 
the main vein filling and is also disseminated in adjoining country 
rock. It is commonly fractured and filled in by later minerals. 
It is granular and massive but with many small druses coated by 


tM. J. Buerger and J. L. Maury, Econ. Geot., vol. 22, p. 4, 1927. 
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cubical crystals. The development of pyrite began before the 
earliest quartz and continued during the early quartz deposition. 
Arsenopyrite—The mineral occurs sparingly crystallized in 





Fic. 6. Thin section of ore from La Colorada Mine. White quartz 
(Q). Crystals of alunite (4), in narrow quartz vein and in cassiterite. 
C, cassiterite, grayish white, colloform, fibrous. Jo, jarosite, yellow. 
microcrystalline. >< 50. 

Fic. 7. Polished section of ore from upper levels of Socavon de la 
Virgen. Shows colloform structure of metastibnite. Etched with KCN. 
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druses, mostly in specimens from the lower levels. It is almost 
contemporaneous with pyrite. 

Pyrrhotite—Some veinlets of pyrrhotite (not previously re- 
corded from this locality) cut across pyrite. The only unusual 
feature is that it blackens rapidly with nitric acid. 

Sphalerite—A few small grains of sphalerite were observed 
in stannite. 

Chalcopyrite—There is very little chalcopyrite; it occurs as 
minute blebs in stannite and freibergite. 

Cassiterite—The cassiterite does not occur in large or well- 
defined crystals but in aggregates of fine to medium texture. In 
the Purissima vein it is of medium texture made up of definite 
crystals, but the aggregates in places show an approach to a mam- 
millary structure. Commonly these aggregates form crusts sur- 
rounding pyrite or replacing it. The color is brown to gray. 
Residual cassiterite is seen in the later sulphide minerals. 

The cassiterite from La Colorada mine (Fig. 6) is different and 
is distinctly colloform, showing between crossed nicols an ex- 
tremely fine fibrous aggregate, which seems to replace the quartz. 

The cassiterite at Oruro appears to have been deposited after 
quartz and pyrite but under lower temperature conditions than in 
the so-called “typical” tin veins. It is believed to have been 
deposited from colloidal solutions. 

Stannite.** 


enohedric (tetragonal, hemihedric-sphenoidal) material from 





According to Spencer, analysis of tetragonal-scal- 


San José mine, Oruro, after subtracting admixed andorite gave 
Cu 31.52, Fe 12.06, Sn 27.83, S 28.59 = 100.00. Sp. G., 4.45. 

Spencer reports that another specimen of poorly crystallized 
stannite from “ Machacamarca mill’’ contained jamesonite and 
chalcostibite (Cu,S*Sb.S;) (good crystals; see footnote), also 
augelite. 

The color is dark steel gray with a brown tinge and it is massive, 
granular. Small crystals occur in druses. In polished section it 
is distinctly brownish gray and has normal reactions. In places 
it contains residual cassiterite and is replaced by all the later 
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sulphosalts.* It also contains in places small dots and blebs of 
chalcopyrite and freibergite but much of it is very pure. 

Freibergite——Isometric. This is the principal silver mineral at 
Socavon de la Virgen (Purissima vein) but also occurs at the Itos 
mine. It occurs massive-granular, but small tetrahedrons are 
common in vugs. Domeyko (Min. 1878, 395) gives an analysis 
of “ imperfect crystals’ from Oruro showing Fe 6.60, Cu 27.10, 
Zn 0.60, Ag 14.30, Sb 28.30, S 21.0 97.90. With one ex- 
ception this is the highest percentage of silver recorded in analyses 
of this mineral. Freibergite from Huanchaca and Colquechaca has 
also been analyzed. Without exception, the mineral gives a test 
for silver with ammonium chromate. The reactions are normal; 
it always tarnishes brown to iridescent by HNO;; FeCl, and 
HgCl, may tarnish it a faint brown. 

Andorite-—Rhombic. This mineral was first established by 
Krenner from Felsobanya. Brogger described the mineral from 
Itos mine (loc. given as San Felipe de Oruro) and gave it the 
name of sundtite; later Stelzner described it from the same local- 
ity and called it webnerite, giving a good analysis by J. Mann 
(Z. Krystall. 24: 126, 1895). Still later Spencer ** demonstrated 
the identity of the Oruro mineral with andorite by having another 
analysis made of the material used by Prof. Brégger. This gave 
Pb 24.10, Ag 10.94, Cu 0.68, FeO .30, Sb 41.31, S 22.06 = 99.39. 
Spencer also determined the presence of andorite in specimens 
from Socavon de la Virgen (Purissima vein). The next analysis 
of andorite was made by E. V. Shannon on andorite from Potosi + 
not formerly described. This runs as follows: Pb 21.12, A 
13.12, Cu .83, Fe none, Sb 40.67, As 0.49, S 23.77 = 100. 

The formula is AgPbSb,S,, most probably a double salt 
2PbS:Ag.S*3Sb.S;. The analysis from Potosi seemed to cor- 


o 
> 


respond to AgPbSb,S., but the quantity used for analysis was very 
small. 


*L. J. Spencer describes crystals of tetrahedrite from Socavon de la Virgen, 
Oruro, on whose surfaces are crystals of stannite, partly imbedded, and in parallel 
intergrowth so that the surfaces of the sphenoidal planes reflect simultaneously with 
the tetrahedral faces of the tetrahedrite. The period of formation may therefore 
overlap, as indeed shown by Myron Davy. 


+ W. Lindgren and J. G. Creveling, Econ. GEot., vol. 23, p. 250, 19 
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Andorite has brilliant steel-gray metallic lustre, Sp. Gr. 5. 
(Spencer), conchoidal fracture, is brittle and gives a black strez 
In polished section it is galena-white, and it corresponds to the 
Davy-Farnham reactions. Andorite is later than freibergite and 


ss 
3 
| 


x. 


is replaced by the lead-sulphantimonides. It occurs most abun- 
dantly in the Itos mine but is also present in the Socavon de la 
Virgen. 

No analysis was made of the material in our collection as it was 
definitely identified. 

Chalcostibite (Wolfsbergite).—Cu.S*Sb.S;. Described by L. 
J. Spencer from Machacamarca Mill, Oruro, and more definitely 
from the San José mine, where it occurs in cavities in massive 
tetrahedrite, as steel-gray rhombic plates.*® 

Galena.—Undoubtedly galena is rare in the silver-tin mines at 
Oruro. Our specimens show none. Statements of its presence 
occasionally seen may perhaps be questioned. R. Pohlmann*™ 
mentions galena, tetrahedrite, sphalerite and barite from Mina 
Tetilla near Oruro, but remarks that this is a type of vein different 
from that here described. 

Bournonite——An analysis of bournonite is quoted by Doelter 
from Machacamarca Mill near Oruro. The association with 
quartz and barite makes the locality doubtful (J. Domeyko, 
Miner., 1879, p. 320) 

Lead-sulphantimonides.—The sulphantimonides of lead form a 
numerous and complex group which are abundantly represented 
at Oruro. They are the latest of the hypogene series. In their 
appearance they even suggest a supergene origin; at any rate they 
were formed after the completion of the main period of tin and 
silver mineralization. In large part they are “ feather-ores ” with 
fibrous or capillary development. They are difficuit to identify 
and, as Zambonini remarks, each new analysis gives a different 
formula. Some of the feathery masses probably consist of two 
or more minerals. Any of these minerals may contain a fraction 
of a per cent. of silver. Regarding owyheeite (silver jamesonite ) 
see below. 

The minerals recognized at Oruro are as follows: All of them, 
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excepting owyheeite and boulangerite, occur at the mines of Itos 
and Socavon de la Virgen. 


Zinckenite (PbS-Sb.S, ) Orthorhombic 


(Keeleyite) (4PbS-FeS-5Sb.S, ) ? 
(probably identical with zinckenite) 

Plagionite (5PbS-4Sb.S, ) Monoclinic 

Jamesonite (2PbS-Sb.S, ) ie 


( or 4PbS . FeS ¥ 3Sb2S; ) 
Owyheeite (2Ag.S-8PbS-5Sb.S;) (“ silver-jame- 


sonite ”’ ) ? 
Plumosite, probably identical with jamesonite 
Semseyite (5PbS-2Sb.S;) Monoclinic 
Boulangerite (5PbS-Sb.S;) Orthorhombic 
Meneghinite (4PbS-Sb.S;) = 


Jamesonite——The only reference regarding jamesonite from 
Oruro is by L. J. Spencer,’® who says that “in the account of Sir 
Martin Conway’s collection I have described specimens of crystal- 
lized jamesonite from Oruro; these were determined by measure- 
ment of the prism-angle (about.79°) and by the presence of a 
good basal cleavage. Other specimens, previously referred to as 
zinckenite have been shown by these characters to be jamesonite; 
they are from the Machacamarca Mill and from the Socavon de la 
Virgen at Oruro.” 

We have not definitely identified jamesonite in any of our 
specimens. 

Zinckenite—This mineral was first definitely determined by 
Stelzner in a specimen from the Itos mine, in which it occurred 
with andorite.’ The analysis of the acicular aggregates by J. 
Mann gave: Pb 33.04, Cu 0.19, Ag 0.57, Fe 3.47, Sb 40.72, 
S 22.54 = 100.53. If memory serves correctly, there is in the 
collection of the School of Mines at Oruro a fine specimen of 
crystallized zinckenite with statement of analysis. In our speci- 
men many of the needles replacing other sulphides are bent and 
curved, indicating flexibility (Fig. 5). A specimen collected from 
the lower levels of the Itos mine showing finely felted feather ore 
gave Pb 34.33 and Ag 1.34 (Helen Vassar, analyst), which would 
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correspond well to a silver-bearing zinckenite, but we can not vouch 
for the entire homogeneity of the sample. 

A similar material carefully selected was sent to Dr. Naima 
Sahlbom of Stockholm. On account of the small amount avail- 
able no complete analysis could be made but the following deter- 
minations were made: Pb 28.80, Sb 37.63, S 21.39. While no 
final conclusion can be drawn from this, yet the determinations 
point to a mineral allied to zinckenite. We believe that zinckenite 
is probably of common occurrence at Oruro. 

Keeleyite-—Keeleyite, first described as a new mineral by S. C. 
Gordon, was re-examined and analyzed again by E. V. Shannon 
and M. N. Short.** It came from the San José mine, Oruro, and 
showed dark gray crystals in sheaf-like and acicular aggregates. 
Analysis by Shannon gave insol. 0.60, Pb 29.80, Ag 0.52, Fe 0.84, 
Zn 1.24, Cu 0.64, Sn 0.18, As 0.27, Sb 43.32, S 23.02 = 100.43. 
Shannon and Short held it to be a new mineral with the formula 
4PbS: (Zn, Fe, Cu, Ag2)S*5Sb.S;° or 4PbS-FeS-5Sb. Later 





Wherry *° expressed the opinion that the mineral is simply a 
variety of zinckenite, with which opinion we agree. 

However, Short found that in polished section there is no 
reaction with 1:1 HNO. This change from the reactions of 
zinckenite seems to be caused by the silver content, as silver- 
bearing jamesonite acts the same way. 

Some specimens of acicular lead antimonides from Oruro, 
would appear to be mixtures of jamesonite, zinckenite and 
keeleyite. Many of the needles are not flexible, indicating 
jamesonite, and some only react with KOH, suggesting keeleyite. 

Semseyite—(5PbS:2Sb 
scribed from “ Oruro” by L. J. Spencer.*® It forms iron-black, 


253). <A silver-bearing variety was de- 
more or less tabular crystals and an analysis of a small amount of 
these crystals by G. T. Prior showed Pb 52.9, Ag 1.6, Sb 24.8, 
S 18.7 = 98.0. On the crystals are flexible hairs of “ plumosite ” 
or jamesonite. 

Plagionite—(5PbS-4Sb.S;). In 1912, F. Zambonini® de- 
scribed tabular dark gray crystals of plagionite from Veta Puris- 
sima (Socavon de la Virgen), the occurrence apparently similar to 
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that of semseyite. It is surmounted again by needles of a 
jamesonite mineral, but crystallographic measurements showed 
that these were, at least in part, meneghinite (4PbS-Sb.S,). The 
analysis gave Pb 40.28, Ag 0.18, Sb 38.30, S 21.43 = 100.19. 
The author believes that semseyite, heteromorphite and plagionite 
are isomorphous mixtures and not distinct minerals, a view which 
is not shared by Spencer. We agree with Zambonini. 

It seems that these lead sulph-antimonides are generally silver- 
bearing but usually contain only a fraction of a per cent. of silver, 
occasionally rising to 1.60 per cent. Freibergite and andorite are 
the principal silver minerals at Oruro. 

Other Minerals.—Stelzner ** mentions several minerals as hav- 
ing been reported from Oruro. They are galena, stibnite, wolfra- 
mite, siderite, ruby silver, stephanite and freieslebenite. We have 
not seen these in our suite of specimens. 


Supergene Minerals. 


Metastibnite——The so-called “ kermesite”’ from the Socavon 
mine presents an interesting problem. It is found at several 
places above the main adit. One specimen collected by Mr. 
Howland Bancroft is labelled “ Quintanilla vein, 1A gallery, 200 
meters below the surface.” The mineral has already been men- 
tioned by Davy * who describes it as “ thin, mammillary incrusta- 
tions of a purplish gray, massive substance, . . . found on the 
walls of open fissures. The mineral has a brilliant red streak, 
conchoidal fracture, and in the closed tube its behavior is identical 
with that of stibnite. . . . Material, carefully examined on a 
polished section and seen to be free of any impurity except small 
amounts of antimony ochre was analyzed for sulphur. Two de- 
terminations gave 25.8 and 26.3 per cent. respectively. Since 
kermesite contains 20 per cent. of sulphur and stibnite 28.6 per 
cent. it is evident that the material conforms more closely to stib- 
nite in composition. It is slightly translucent in thin splinters, 
showing brilliant red colors in polarized light, but is crvptocrystal- 
line, this preventing determinations of other optical properties. It 
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is believed that the mineral is the red antimony tri-sulphide, meta- 
stibnite,* heretofore undescribed from ore deposits.” 

The hardness is about 3, and it is brittle. Reactions: HNO, no 
effervescence, slowly tarnishes iridescent and finally black; HCI, 
fumes tarnish brown, rubs clean; KCN, slowly brown, developing 
colloform structure, some layers remain bright (Fig. 7); FeCl, 
slowly tarnishes brown, some layers remain bright; KOH, 
blackens at once, develops structure; HgCl neg. These reactions 
correspond better to stibnite than to kermesite. FeCl; and HCl 
are given as negative in both cases by Murdoch and Davy- 
Farnham. 

It is evident that the composition is not settled. A carefully 
selected sample of I gram was sent to Dr. Naima Sahlbom in 
Stockholm, who reported as follows: 





BSB re sicicievs nro ieee ss uel 6.3 ipiaie'o Bs wiaiwlaiaiataraietete 62.07 
LETTE eee Sn Seg eee op Se 8.80 
96.20 


Sb and S were checked twice, but only one determination was 
made of Pb. The mineral contains no silver but a little tin and 
iron. <A previous determination of Sb by Professor L. F. Hamil- 
ton of the Massachusetts Institute of Technology gave 63.11 per 
cent. He also found an insoluble residue of 2.72 per cent. The 
presence of Pb was checked and found to be correct. 

Considering the purity shown in polished section, it seems cer- 
tain that this mineral is essentially a solid solution of PbS in 
SDsSs- 

The composition as far as known is calculated as 62.07 + 24.8 
=86.87 per cent. Sb.S; and 8.8 + 1.3 = 10.1 per cent. PbS. It 
is almost unquestionably a colloid product gradually deposited by 
descending waters and crystallized to a metacolloid. It is not 
thought to deserve a new name but might be called a lead-bearing 
metastibnite. 

Antimony Ochre.—The ochre is believed to be cervantite, 

*@G. F. Becker, U. S. Geol. Survey, Mon. 13, 343-380, 1888. 

at 
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SbO3°Sb.0;. Color, yellow to brownish. It occurs as an earthy 


coating and in crusts which are mammillary, encrusted on the 
metastibnite. 
Marcasite—A border of marcasite occurs around pyrite crystals 
in some of the ore from the 200 meter level of the Sovacon mine. 
Limonite.—Limonite frequently forms crusts on oxidized ore 
specimens. 


Hematite.——Cryptocrystalline hematite occurs in large amounts 
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in the oxidized ores of the Colorada mine. It is later than the 
jarosite which is so prominent in this deposit. 

Jarosite-—In the druses of the oxidized Colorada ore, in which 
the once plentiful pyrite is wholly destroyed, crystalline crusts and 
earthy masses of jarosite are extremely abundant. There are two 
types of crystals: As determined by Dr. M. J. Buerger of the 
Institute of Technology, one type shows brown hexagonal plates, 
biaxial negative with small axial angle, 8 1.82. The other type 
shows black crystals, trigonal-hexagonal, uniaxial negative, : 
1.813. In thin sections the jarosite is deep yellow, slightly 
pleochroic and often twinned; it forms granular aggregates which 
may be mistaken for cassiterite (Fig. 6). 


THE ORES OF THE PURISSIMA VEIN SYSTEM. 


The ores of the Purissima vein system from the Socavon mine 
to the Itos are essentially similar, though in the one first mentioned 
freibergite is the principal silver mineral, and in the latter more 
andorite and jamesonite minerals are present. Both contain 
chiefly pyrite and quartz, also cassiterite and stannite. 

The ores are sometimes roughly banded but more characteristic 
is a drusy structure with projecting small crystals of pyrite, 
arsenopyrite, freibergite and jamesonite minerals. 

Generally speaking, the ores contain from 2 to 86 per cent. 
quartz, 40 to go per cent. pyrite, arsenopyrite i I per cent., cas- 
siterite + 4 per cent., stannite + 2 per cent., freibergite + 3 per 
cent., andorite + I per cent.; there are often several per cent. of 
jamesonite minerals. 

Socavon mine.—Specimens from the level 120 meters below the 
adit show principally pyrite and quartz, the latter containing many 
small crystals of arsenopyrite. In polished sections it is seen that 
the arsenopyrite is earlier than pyrite, being penetrated by pyrite 
veinlets. The cassiterite was introduced in the fractured ore after 
the formation of quartz and it also replaces pyrite and arseno- 
pyrite. Many euhedral quartz crystals are enveloped by cas- 
siterite. Specimens from the Rasgo vein are roughly banded and 
show massive pyrite, later fractured and infilled with quartz. 
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Cassiterite replaced the quartz and was followed by stannite and 
freibergite. In later fractures was deposited a second generation 
of very small pyrite and quartz crystals, associated with jame- 
sonite. The stannite is largely replaced by freibergite, and 
andorite replaces all the earlier minerals. 


OISTRIBULCION DEL ESTANO 
EN LA MINA 1TOS 




















\ 






iN 








ais NX \ \ Wd - 


oe 
NY < ESTE 
By “ 
4 NX Pg 
NAY 








CONTACTO 





KILOS DE ESTANO FINO p.Me 
MB 600-2000 KN s0-/00 
ESCALA 1°1000 


WEB e00-c00 KY 0-50 
SSS soo-200 [_) 0-10 











Fic. 8. Longitudinal section of the lower levels,of the Itos Mine, 
showing distribution of tin in kilograms per square meter. Also show- 


ing contact between porphyry and slate (pizarro). Elevations in meters. 
After G. Wiessing and E. Kittl. 


Specimens from the intermediate levels show also massive 
pyrite, fractured and followed in turn by quartz, cassiterite, stan- 
nite and freibergite. A mat of acicular jamesonite minerals 
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formed the last deposit and completely coats the specimens. The 
jamesonite minerals, in straight or curved crystals, replace 
stannite. 

Specimens from the 270 meter, or lowest level are of diverse 
types. One rich in quartz shows the succession very distinctly: 
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Fic. 9. Longitudinal section of the lower levels of the Itos Mine, 
showing distribution of silver in kilograms per square meter. Also show- 
ing contact between porphyry and slate (pizarro). Elevations in meters. 
After G. Wiessing and E. Kittl. 


(1) Deposition of arsenopyrite, pyrite and quartz; (2) cas- 
siterite; (3) stannite; (4) freibergite; (5) andorite; (6) feather 
ores. 

In part, the arsenopyrite seems contemporaneous with pyrite, 
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in other places it seems later. Evidently the periods of the two 
minerals were nearly simultaneous. 

Other specimens are chiefly composed of pyrite with a little 
quartz and stannite and about 30 per cent. jamesonite and 
zinckenite replacing the pyrite. 

Where the Rasgo vein enters the slate it changes to stringers 
up to several centimeters in width. They contain practically no 
cassiterite but 24 per cent. pyrite, 5 per cent. quartz, 20 per cent. 
stannite, 25 per cent. andorite and 25 per cent. jamesonite. 

Itos mine.—The specimens, mainly from the lowest level, show 
an entirely similar succession. Pyrite predominates; there is little 
arsenopyrite and cassiterite but up to 2 per cent. stannite and 8 per 
cent. andorite. Some of them contain 25 to 4o per cent. jame- 
sonite minerals chiefly replacing pyrite. 

Mr. Kittl,° through the kindness of Mr. Wiessing, has repro- 
duced two longitudinal sections of the lower levels of the mine 
(Figs. 8 and 9) which illustrate admirably the distribution of tin 
and silver, in relation to depth and porphyry contact. It is seen 
that the distribution of silver is independent of that of tin. The 
silver is concentrated near the contact and persists more in depth 
than the tin. The richest ore bodies occur at about the 310 to 
340 meter level. The ores form richer lenticular cores surrounded 
by material gradually becoming poorer. 

That tin decreases with depth seems to be evident both at the 
Itos and the Socavon. There is also a gradual increase in stan- 
nite in the lower levels, though cassiterite is not absent. Mr. 
Wiessing contributes the following data: 


% Tin &, Soluble Tin 
Socavon Mine total (In stannite) 
Mpperdevels:. ..:..5'sSamaew ose 3.04 0.15 
Passa VeIN.;...5: 6.04 osssieoe eee 1.50 0.23 
INMEVA WEIN © Aciccnos asics. 2.66 0.42 
Itos Mine 
Santo Tomas (upper levels)....... 10.50 0.12 
San Luis between 132 and 310 
MECLES. <j Ausccene eee eee ee 5.30 0.29 
San Luis below 310 meters ....... 1.75 0.57 
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It would seem that the silver also decreases in depth, but at any 
rate in 1921 rich ores were mined on the lower levels in both 
mines. 

We can see no indications that the changes in the lower levels 
are in anyway caused by supergene enrichment. 

It remains as a fact that the upper levels of both mines were 
very rich in silver and in tin, and this aspect will be discussed later. 
Small parcels of very rich tin ore are still mined from the upper 
levels of the Socavon mine according to Cladera ; * the same author 
states that the pyritic ore mined on the 595 meter level at the San 
José contains 1.5 per cent. Sn and 800 grams of Ag per ton. 

“a Colorada Mine.—This mine, which is close to the Itos, is 
working on two parallel veins, mostly in slate; the main tunnel is 
about 200 feet above the igenio or sorting grounds of the Itos. 

Above this tunnel the principal vein was rich in cassiterite but 
below the 50 meter level the workings have disclosed only pyrite 
with very little cassiterite and very little silver. Brecciated slate 
is abundant in the vein material. The oxidized zone above the 
tunnel has a vertical range of about 300 meters. The pyrite is 
wholly oxidized and the ore consists of a drusy material with much 
cassiterite, slate fragments, and very much jaros‘te, which coats 
the druses with dark brown to black crystals, associated with much 
earthy hematite and some limonite. Apparently the line between 
the ore and the nearly barren pyrite is quite well-defined. Such 
ore as is still mined contains about I per cent. tin which is sorted 
to 4 or 5 percent. No other sulphides than pyrite were observed 
on the lower levels of La Colorada. 

The suite of specimens from the mine consists of brecciated 
fragments of slate, surrounded and replaced by brownish massive 
cassiterite. The ore is drusy and porous, the openings evidently 
corresponding to oxidized pyrite. The cavities are coated by 
earthy and crystallized jarosite covered in places by red hematite 
and some limonite. In thin section the cassiterite is grayish white 
to dark brown and forms concentric, colloform structures. Thir- 
teen bands were observed in one section of grayish white, with 
dirty white bands between; two white bands and one dark brown. 
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The cassiterite is fibrous and crystalline, having the appearance of 
wood tin. Presumably, successive deposition took place in a solu- 
tion with changing iron content. 

There is also much normal vein quartz showing no colloform 
structure. We believe that the colloform cassiterite largely re- 
places the quartz. It is also certain that quartz veins with crystal- 
lized alunite, elsewhere shown to be one of the early gangue min- 
erals, cut across the colloform cassiterite (Fig. 6). 

There is much deep yellow jarosite in medium-grained crystal 
aggregates, pleochroic, zoned and twinned. It is evident that the 
jarosite has been erroneously identified as cassiterite in the sections 
of H. Bancroft’s collection examined by Davy.’ Jarosite and 
hematite are the latest products, due to oxidation. From the 
above it also follows that the colloform cassiterite is hypogene and 
part of the early mineralization. 

We think it is out of the question that quartz was formed dur- 
ing the period of oxidation when jarosite was deposited. We find 
no evidence of cassiterite being deposited during the oxidation, and 
believe that all of the cassiterite is residual hypogene material. 

This we think effectually disposes of the theory of a secondary, 
supergene concentration of cassiterite, such as advocated by 
Koeberlin, at least for this case. It is probably not necessary to 
go into the whole argument for and against this theory, originally 
advanced by Koeberlin and opposed by the detailed arguments of 
Singewald. We agree with Singewald. 

The La Colorada deposit is a vein showing primary zoning. 
The deeper levels carry practically only pyrite, while above this 
there is a zone, corresponding to the uppermost parts of the Itos 
vein. In this zone abundant colloform cassiterite was deposited 
with pyrite and probably little or no stannite. A strong residual 
enrichment resulted from the oxidation of the pyrite. 

The La Colorada was never reached by the later part of the 
mineralization including deposition of silver, copper, lead and 
antimony. 
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THE HISTORY OF THE ORURO TIN-SILVER VEINS. 


The complete history of mineralization of the Oruro veins can 
not be written because of imperfect information in regard to the 
upper levels. It is clear that the present deep levels of the main 
vein system are producing ore with little cassiterite and with a 
diminishing tenor of silver, even though rich silver ores still occur. 

There is no evidence of supergene enrichment of silver or tin 
in any of these levels. 

It is also clear that the upper levels were very rich. Wiener * 
states that to a depth of 80 to 100 meters below the surface the 
ores consisted of very rich chlorides. Below this, he says, rich 
sulphides were found but the Spaniards found these ores difficult 
to treat. 

In the Socavon mine the lowest workings are 890 feet below the 
tunnel. The outcrops rise to about 400 feet above the tunnel 
giving a total range of 1,290 feet. 

In the Itos mine the vertical range of mineralization as known 
in 1921 was about 1,800 feet. The upper levels were rich both 
in cassiterite and silver. In the lowest level there was still some 
good silver ore but little tin. 

In the La Colorada mine the vertical range of the cassiterite was 
625 feet; the outcrops were rich, with as much as 20 per cent. tin; 
there is no tin in the deep pyritic ore. 

All this is interpreted as meaning that the hypogene tin deposi- 
tion increased strongly towards the surface, and that a further 
concentration of tin was effected by the oxidation of the abundant 
pyrite. The tenor in stannite, all of which was hypogene, dimin- 
ished towards the surface. No doubt the stannite was oxidized 
along with the pyrite, and it is quite possible that some supergene 
cassiterite may have developed from it; but the small amount of 
stannite makes it improbable that any great amount of supergene 
cassiterite resulted from this. We are not inclined to deny that 
some supergene solution and redeposition of cassiterite may have 
taken place, but consider such a process of little importance. 

It is further interpreted as meaning that the hypogene deposi- 
tion of silver increased towards the surface and that a very strong 
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supergene enrichment of silver near the surface as chloride and 
below this as supergene sulphides did take place. From our speci- 
mens we can not demonstrate this, but the production figures point 
decidedly in that direction. 

The metallization by tin and that by silver-copper-antimony-lead 
formed two distinct epochs; the two kinds of products were not 
necessarily deposited in the same space. 

The processes of hypogene tin deposition took place in aqueous 
solutions under wholly hydrothermal condition and at a tempera- 
ture lower than that in the “ normal” tin veins. Gradually sink 
ing, the temperature during the jamesonite stage may have sunk 
as low as 150° C. The depth of vein material removed by erosion 
from the outcrops of the veins, since their formation, may not 
have been more than 1,000 feet. 

LABORATORY OF Economic GEOLOGY, 

Mass. Inst. TECHNOLOGY, 
CAMBRIDGE, Mass. 
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THE PHOSPHATE DEPOSITS OF KOURIGHA, 
MOROCCO. 


ANDREW C. LAWSON. 


Durtinc the excursions in Morocco in 1930, in celebration of the 
one-hundredth anniversary of the Geological Society of France, an 
opportunity was afforded the visiting geologists to examine the 
phosphate mines at Kourigha. As I was the only American in the 
party and had already visited the mines in a previous year, it has 
occurred to me that a brief note on these important deposits might 
be of interest to the readers of Economic GEoLtocy. The Office 
Chérifien des Phosphates at Kourigha was most hospitable and 
placed at our disposal in printed form various statements concern- 
ing the history, organization and present activity of the mines 
which I shall draw upon freely in this summary account of them. 
The officers of the concern conducted the party through two of the 
larger mines, and every opportunity was given to study the nature 
of the deposit, its mode of exploitation and the mill treatment of 
the phosphate produced. 

The deposits at Kourigha were discovered in 1912 and were 
extensively prospected in 1917-18 by Le Service des Mines du 
Maroc. In 1920 the government created the Office Chérifien des 
Phosphates, which is charged with the exploitation and business 
management of the phosphate deposits of Morocco; and mining 
operations were begun at Kourigha' in 1921. The operations of 
the Office Chérifien des Phosphates are managed by a Director 
General under the control of an administrative council composed 
of French officials and private individuals both French and 
Moroccan. The concern has a capital of 36,000,000 francs; and 
although it is a government monopoly it is run, in the interests of 
efficiency and economy, as far as possible on the same lines as a 
private corporation. The profits go to the government of 
Morocco and appear in its budgetary statements. 
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It has been ascertained by extended geological mapping that 
beds of phosphate of lime occur in several localities in the Eocene 
of Morocco; but the deposits at Kourigha appear to be the best 
from the point of view of both quality and tonnage. The mines 
are about 140 km. southeast of Casablanca, with which they are 
connected by an electric railway. At Kourigha there is an ex- 
tensive and very substantially built plant for treating the phos- 
phates preparatory to shipment; and at Casablanca there are 
capacious bunkers and modern loading facilities for delivering the 
material to ships for export. 

The beds from which the phosphate is mined lie nearly hori- 
zontally upon the Upper Cretaceous of the Central Plateau (Fig. 
1). They are part of a residual patch of the Eocene, which at 





Fic. 1. Low escarpment of flat lying Eocene strata at the base of 
which the principal bed of phosphate outcrops. Portal of the mine of 
Division No. 1 at Kourigha. 


one time was a continuous formation over a large part of Morocco 
but has been for the most part removed by erosion. The Central 
Plateau has been uplifted to an altitude which at Kourigha is about 
800 m. above sea level. The surface is that of a peneplain which 
had been evolved by removal of flat lying strata before the uplift, 
and is but feebly dissected, the streams on the plateau flowing in 
shallow trenches. The river Oum er Rbia, however, transects the 
plateau. Low escarpments delimit the areas of Eocene rocks, and 
the phosphate beds outcrop in the face of the escarpments. The 
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area of the Central Plateau underlain by phosphate beds is about 
150 square kilometers. The volume of the deposit is probably 
about 250 million cubic meters. The bed which is mined has an 
average thickness of 1.7 m., but it thins and thickens through a 
range of perhaps one meter. In many parts of the mines there is 
immediately below the limestone a layer of siliceous nodules, some 
of which are broken by movement due to volume changes, in- 
dicated by slickensides on small facets. Similar concretions are 
abundant throughout the phosphate bed, and probably average 
more than one to the cubic meter. They are, however, more 
plentiful toward the top of the bed. In other parts of the mines 
a thin layer of white clay lies immediately below the limestone. 
Below the clay is a siliceous concretionary layer, the clay and silica 
aggregating about 1 m. The clay peels away from the limestone, 





Fic. 2. The mine of division No. 1, showing flat limestone hanging wall. 
These galleries are over 3 km. in length. Phosphate on extreme right. 


leaving the latter as a well defined, strong roof (Fig. 2). Asso- 
ciated with the concretionary silica below the clay there are com- 
monly observable streaks or lenses of limestone that have an 1r- 
regular or suture-like contact with the silica suggestive of dis- 
solution under load pressure. The mining is conducted in three 
divisions, or in three mines, all delivering their output to the same 
cleaning and drying plant. In the largest of these the galleries 
have a length of about 3 km. The loaded cars are pushed by men 
from the working faces to stations where they are hooked up in 
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trains of fifty, which are hauled by electric motors to the surface. 
The mines are dry but not dusty. 

The phosphate is dirty white or yellowish in appearance and is 
everywhere pulverulent. After cleaning and drying it has a uni- 
form content of about 75 per cent. phosphate of lime. The only 
fossils found in the phosphate bed are remains of fish teeth. 


TABLE lI. 


ANALYSIS OF MoroccAN PHOSPHATE FROM THE MINES AT KOURIGHA. 


Combined water and organic material ................e-eeeeeees 2.23 
Sulphuric acid (present as sulphate of lime) .................-.- 1.65 
Phosphoric acid (== 75.96 phosphate of lime)..................-. 34.8: 
CET EPS TORE LC: LM rh a nee ee, ee ee ree eee S 3-57 
BSS E SROs ce aL 5 seis, 5 wo Zelere.e pale Mateos o:8 +a ws ave Meee MS Sis isles 1.3¢ 


Iron oxide 


. Alumina 








Chem e eer Petree rererererrererereerrerocrereseeoeceeS 09 

MOMEEEG he a eueeayo ev ahc x sale odie, wb ns gh TS cei aS. 6 ana acral avSus.aye.a Wik Me Ree me mS wre 52.60 
RE IM SS eaty gle dia iis aukoe Sie aleiacwib wwe Whe BN pias Babe ale Male a's Sepa 58 
POTASH e cian eee fet cee 6 Sidhe xg doled Ate oh bal eles PR oate Cee aE .12 
SRNRS tS eat Scie fate ore: dra wes a vavts Web dial dvavanera: 41a where etwarmee ee Siena See Bias 75 
BEANS OOA ING arnt ote odes seh slie sy Gis SLRs, Sa SMa’ € Wie Wwe SB ae ave era techca ate IRE eae 2.92 
RATER ae it OE aaa ca wit hanes sbie satanshaneaign’ &. wie rarelblacs Sema area eet .0 
100. 8 

Deducting for oxygen corresponding to fluorine and chlorine ...... 2 
99-75 


The pulverulent character of the ore lends itself to removal of 
lumps of limestone, silica, and concretions by a screening process, 
after which it is dried. In summer, part of the water is removed 
by exposure to air and sun. But the greater part of the moisture 
is removed by passing the material through rotary ovens. After 
drying, the phosphate is stored in silos, each of about 100,000 
tons capacity, from which chutes deliver it to the cars of the elec- 
tric trains that transport it to Casablanca. The down grade of 
800 m. in 140 km. ensures low haulage costs to the coast. 

The destinations of the phosphate exported from Casablanca in 
1929 are shown in Table I. 
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TABLE II. 

Metric Tons 
Destination. 19209. Destination. 
PROS Co cbs cwaios baweeae ws 248,052 UD EIT eg a a a eer ce 
RUIAAN) cc cle eicceis os Siamlet aces BERGHO TSWROCR «2 0'5.c:45:5 6 5.0 see eid ees: 
PSORAREEDY! (55 2iciec ais wiv cles a's a e's REGARD © OPOVAY: | 5c. <:c ove ucaarieeleaess 
PPO hic os etcu ves west PO CED) GABEHINGEK, - . ci snip ore0'<.0 cis wes 
DIRTCTINNOS © < o<a.s0% 0555 500% AU TERE YS ay 01 a Sa a 
OE TERT Le 123,881 BANC ACOMUMMITIOS 6.6.6 5.0.5.6 010-0 
Sn oh eee ee a are EIGRE: ERMOIOOCD:. ccic.cc50sce atone ecde 
Checo-siovalia ©..66..eecs<. 43,921 BSED A EEID x so .ccu'es5.bscidice aid 
MEETS ed ae COR OS 1 rg 
ARNT cides ws ais si ble kes DOMED BRD ios 6 Sos 2 soca a oe os 
MEUMMRIDN “Sg Six caliare se hc bee Ay ae OO 
SRI oo Gis Gaba gate teases 55,053 
NAN i oie ah winlciaies ww eisielols 8,980 NAN Ato oles iaie aioe Go Sie a stants 
DROME nc ociteus Sastre’ 9,332 


1929. 
19,608 
12,089 
13,423 

111,215 
136,477 
16,528 
21,040 
56,249 
91,070 
39,912 
21,455 


1,608,249 


The graph issued by the Office Chérifien des: Phosphates repre- 
senting the increase of output since the beginning in 1921 shows 
a consistently steep curve, as appears in Fig. 3. 
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THE SYSTEMS IRON OXIDES:CO.:CO, AND IRON 
OXIDES:H:0:H:, AS APPLIED TO LIMESTONE 
CONTACT DEPOSITS.* 


SAMUEL G. LASKY. 


INTRODUCTION. 


In 1923 Butler * 


made the suggestion that the high ferric-ferrous 
ratio in the inner metamorphic aureole of limestone contact de- 
posits may be due to oxidation of magmatic ferrous emanations 
by the CO, set free from the limestone by the formation of lime 
silicates ; and that the ferrous iron in the outer cooler zones may 
reflect the influence of the lower temperature and the consequent 
reduction of ferric iron by the CO liberated during the earlier 
oxidation. The reversible equation as given by Butler to explain 
the reaction is as follows: 


2FeO + CO, = Fe.O, + CO. (1) 


At about the same time, Von Eckermann®* presented a paper 
containing similar suggestions. 

Both Butler and Von Eckermann based their theory on certain 
equilibrium diagrams given and explained by Findlay,® which 
were copied briefly by him from an early paper by Baur and 
Glaessner.*. The diagrams exhibit Baur and Glaessner’s concep- 
tion of equilibria in the systems Fe: FeQ:CO.:CO and FeO:- 
Fe,O,:CO.:CO based upon their own experimental work. But 
Butler and Von Eckermann do not discuss the oxidation of fer- 

* Published by permission of the Director, New Mexico Bureau of Mines and 
Mineral Resources. 

1 Butler, B. S., “A Suggested Explanation for the High Ferric-Oxide Content 
of Limestone Contact Zones,” Econ. Grot., vol. 18, pp. 398-404, 1923. 

2Von Eckermann, H., “The Rocks and Contact Minerals of Tennberg,” Geol. 
For. Forhandl., vol. 45, p. 465, 1923. 

3 Findlay, A., “ The Phase Rule and Its Applications,” p. 248, 1923. 


4 Baur, E. and Glaessner, A., “ Gleichgewichte der Eisenoxyde mit Kohlenoxyd 
und Kohlensaure,” Zeit. phys. Chem., vol. 43, p. 354. 1903. 
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rous oxide to Fe,O,, but to Fe.O;. This latter process, however, 
is the result of two separate reactions : 


3FeO + CO, = Fe;,O, + CO (2) 
and 
2ke,O, + C( Jo = 3Fe,0; + CC ), 3 ) 


each of which represents a separate system. As previously stated, 
Baur and Glaessner’s curve depicts the system covered by equa- 
tion (2); the system covered by equation (3) is not considered. 
Unfortunately Findlay in his text refers to Fe,O, by the term 
“ferric oxide,’ which may have led to some misinterpretation. 


VALIDITY OF BAUR AND GLAESSNER’S CURVE. 


An examination of Baur and Glaessner’s work shows that the 
solid phase was not always identified and that therefore there is 
no surety that at all times they were dealing with the phases FeO 
and Fe,Q,. Eastman in 1922” reviewed all the available data on 
the systems under discussion, and his work showed that that part 
of Baur and Glaessner’s FeO: Fe;O, curve sloping to the left 
(Fig. 1) is not the approximate boundary between FeO and 
Fe,O, but between Fe and Fe;O,;. In other words, the curve is 
not correctly a single curve with a maximum but instead more 
nearly represents two separate intersecting curves each of which 
refers to a different system. 

Ralston" in a very recent critical review of iron oxide re- 
duction equilibria states that the Baur and Glaessner equilibria 
data are now known to have been considerably in error. Ac- 
cording to Ralston,‘ in the temperature ranges between 700° and 
950° C. their equilibrium gas compositions were in reasonable 
agreement with more recent work, but at the lower temperatures 
they were completely in error. It is the lower temperature ranges 
which are of chief interest to the geologist. 

5 Eastman, E. D., ‘ Equilibria in the Systems Iron: Carbon: Oxygen, and Iron: 
Hydrogen: Oxygen... ,’Jour. Amer. Chem. Soc., vol. 44, p. 975, 1922. See 
also Eastman, E. D., and Evans, R. M., “‘ Equilibria Involving the Oxides of Iron,” 
Jour. Amer. Chem. Soc., vol. 46, p. 888, 1924. 

6 Ralston, Oliver C., ‘“ Iron Oxide Reduction Equilibria,” U. S. Bur. Mines Buil. 
296, p. 74, 1929. 

7 Idem, p. 297. 
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The very presence of a maximum in the curve of Baur and 
Glaessner is in itself surprising since it would indicate that a 
system could reach equilibrium with the same gas mixture at two 
different temperatures, which is unlikely and certainly not gen- 
erally true. The maximum likewise indicates that the reaction 
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Fic. 1. Carbon monoxide equilibria with iron oxides. 


temperature corresponds very well with the temperature of con- 
tact zones as indicated by other lines of evidence, and this was 
considered very significant by Butler. But inasmuch as the 
maximum is false, and also since Baur and Glaessner’s data are 
in error for this temperature, the diagram cannot correctly have 
this significance. 


Tue Systems FeO: Fe,0,: CO.: CO, AND 
Fe,O, : Fe.O; : CO.: CO. 


) 


Eastman and Evans ‘ 
the equilibrium constant for the equation 


give the following “best values” for 


3FeO + CO. = FeO, + CO. (2) 

8 Op. cit., pp. 401-402. Butler, B. S., “ Some Relations between Oxygen Min- 
erals and Sulphur Minerals in Ore Deposits,” Econ. Gerot., vol. 22, p. 241, 1927 
9 Op. cit. 








488 SAMUEL G. LASKY. 


TABLE I. 
Temp. K[(CO.)/(CO)]. % CO. 
700° CR es et 1.68 37-3 
750° 5:5. cigs sists Slaebw wee ees) eee 33-1 
800° eer e Re eee ee 29.4 
850° Soy Ea ee ee a B/S) 26.4 
BOOT), (wauGheoanko eee eee 3-24 23: 
DEO. a icaduniexs Bak ecm ea 3-67 21.4 
LORD”, .  ttude ncesenietawseupice 4.17 19.3 


According to these figures, magnetite may be formed from 
ferrous oxide very readily by a relatively small quantity of CO.. 
For instance, computing from these figures and from equation 
(2), it appears that limestone may be replaced volume for volume 
by magnetite at a temperature of about 620°, without any other 
source for the CO, than the magnetite-replaced limestone itself, 
this CO, alone being sufficient to oxidize the ferrous iron to 
magnetite. At lower temperatures the limestone can furnish 
more than enough CO.. These computations suggest that the 
formation of abundant quantities of magnetite in contact de- 
posits, and therefore indirectly a high ferric-ferrous ratio, 
through oxidation of ferrous iron by CO, derived from the in- 
vaded limestone, is entirely feasible. These computations as- 
sume, of course, a gas-solid system. It is not known to what 
extent the equilibrium constants may be modified when the iron 
and perhaps also the gas are in solution. 

The equilibrium figures for the system Fe,;O,: Fe.O;:CO.:CO 
tell an entirely different story and indicate that oxidation of 
magnetite to hematite by CO. is not to be expected at temperatures 
and with gas mixtures existing in nature, concluding again from 
the figures for the gas-solid system. Hematite is present with 
magnetite in most deposits and in some of them it is the more 
abundant mineral. 

The system Fe,O,: FeO; : CO.: CO, representing oxidation to 
hematite according to equation (3), has been examined and 
equilibrium constants for the values K[(CO.)/(CO)] have been 
computed and recently published.*° These values are as follows: 


10 Furnas, C. C. and Brown, G. G., “ Equilibria in the Reduction of Ferric Oxide,” 
Ind. and Eng. Chem., vol. 20, p. 507, 1928. 
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TABLE II. 
Temp. K[(CO.)/(CO)]. % CO. 
BO Bos ealse css chpicke as 7.08 X 10” 
PE Neris cia iclais avwieie oregs ls 1.48 10 
BOE te Raa c can sees binieals 4-79 X 10° 0.0002 
FED aie Fie owed aie akeie ane:s a LI 10" 0.0009 
1000° So eiieuhise Senale ey ae eer TO 0.046 
1500° apie taka ros tetas uct OC Ae 0.402 


According to these figures, the line separating the magnetite 
field from the hematite field is practically coincident with the 
ordinate and so closely spaced to it that an exaggerated vertical 
scale must be used in order to show this line graphically. In 
Fig. 1 the vertical scale has been enlarged 200 times for this 
purpose. 

These figures indicate that at 500° C., the temperature of 
greatest interest to the geologist, equilibrium is reached at 1 part 
CO and 479,000 parts COs, i.e., a gas mixture containing only 
0.0002 per cent of CO. In other words, out of every 479,001 
parts of CO, that are present only one part is available for 
oxidation of magnetite to hematite, since the reaction of more 
than one part of CO, would produce more than one part of CO 
and thus upset the equilibrium ratio and initiate reduction, driv- 
ing equation (3) to the left. The other 479,000 parts must be 
sacrificed. 

These figures are of an order of magnitude entirely out of the 
field of those associated with the oxidation of ferrous oxide to 
magnetite, which are of the order of digits. Obviously, since 
only about 2 parts of CO, out of every million are available for 
oxidation of magnetite to hematite, the reaction cannot take place 
in an uncontaminated closed system unless there is a tremendous 
supply of CO:. As stated by Ralston,” the reduction of hematite 
to magnetite requires such a negligible proportion of CO in com- 
parison to the CO. present, as to be, “ in practical effect, at least, 
an irreversible reaction.” Computations indicate that it would 
take approximately 200,000 cu. ft. of CaCO, to furnish sufficient 
CO, to produce 1 cu. ft. of specularite oxidized from magnetite at 


11 Op. cit., p. S. 
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500° C. This quantity of CO, is in addition to that which might 
be needed for the oxidation of ferrous iron to magnetite. Quite 
obviously the limestone in the immediate vicinity of the deposit, 
that which may give up its CO, in the processes of replacement 
and silication, is not adequate to the task of furnishing the 
requisite quantities of CO.. As a specific case, the entire min- 
eralized zone at Magdalena, N. Mex.,’” extending for almost a 
mile from the contact, could have furnished only enough CO., 
assuming that it were all pure CaCO; and that all the CO, had 
been available for oxidation, to have formed about 1250 cu. ft. 
of specularite, hardly an 11-foot cube; a few hundred tons at 
most, whereas it is estimated that several thousand tons occur 
at the Nitt mine alone. 

The above figures indicate the impossibility of oxidation of 
magnetite to hematite by CO. in contact deposits, assuming a 
gas-solid system, which is the only kind for which we have 
equilibrium data, unless other sources of CO, exist in addition 
to the silicated and replaced limestone, or unless the CO can be 
removed from the system as fast as formed without also remov- 
ing the accompanying CO,. Other sources of CO, do exist, al- 
though their quantitative adequacy rests entirely on speculation 
and is not amenable to mathematic enquiry. There are cases of 
endomorphism in which lime silicates are abundant, implying 
transfer of CaO from the limestone, which would make some 
CO, available. Thermal metamorphism of impure limestone is 
not uncommon and may also set free considerable CO.. But as 
just stated, the adequacy of these sources of CO, is only specula- 
tive, even where these sources are known to be present. 


THE System Fe,;Q,:Fe.O,: HO: He. 


Furnas and Brown” give values for the equilibrium constant 
for the steam reaction 


2Fe,0, + H.O = 3Fe.0; + Hp, (4) 


12 Loughlin, G. F., Koschmann, A. H., Lasky, S. G., and Stringfield, V. T.. 
“Geology and Ore Deposits of the Magdalena District, New Mexico,’ New Mex 
Bur. Mines and Min. Resources, Bull. in preparation. 

13 Op. cit. 
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which are of the same order of magnitude as those for the CO, 
reaction. (Table III.) 
TABLE III. 


Temp. K[(H.O)/(H.)1]. 
ROS ee ae ena aah dra. Ser alabacahotyenlohe Mae's pera atae 4-07 X 10 
BED Ps sat rain nate vie Wisse ts oid Wee Ene See ee Oe 1.35 X 10 
MMA LIVES ba ci cta ses au Gierebs God ae ews oR eae ee 7-76 X 10°* 
aimed le SP eens once imac tare ah oe ONE RS LS 4.07 X 10° 
ANG ce crass ckev cannes so oS ew nice eek wee eet 447 Sas 
1500° ee ee eee ee ee ee 1000 
* Furnas, C. C., personal communication. This figure is incorrectly given as 
7.76 X 10* in the article referred to. 


vay) 


It thus appears that the steam reaction as a source of oxidation 
is no more probable than the CO, reaction. It may be contended 
that water vapor is quantitatively by far the most important con- 
stituent of magnetic emanations and that an unlimited supply is 
available. This is true, but though physically present, that steam 
may not be available for oxidation of the iron. For if the 
emanations are in a state of equilibrium when they leave the 
magma, as seems likely, the controlling ratio (H.O)/(H.) has 
a certain definite value, depending on the temperature. Since an 
increase in temperature is not likely, this value could be changed 
and the equilibrium upset in an oxidizing direction only by adding 
more water. The additional water, derived presumably from the 
invaded rock, would therefore be the only water available for oxi- 
dation, and only that part of it could be used which would corre- 
spond to the ratio (HO) /(H.) for the current temperature. The 
quantity of water that might be derived from the invaded rock is 
by no means great enough to cause the necessary oxidation under 
these conditions. 

CONCLUSIONS. 


Considering the great quantities of CO. necessary to keep CO 
below the required very minute limits in the oxidation of Fe,O, 
to Fe.O,, it appears that this process, considered from the stand- 
point of equilibria in the gas-solid system, is outside the realm 
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of geologic application, so far as contact deposits are concerned. 
Magnetite can be produced very readily but there seems to be no 
source of CO, sufficient to cause the further oxidation of mag- 
netite to hematite.** A volume of CaCO, 200,000 times as great 
as that of the hematite is necessary to produce sufficient CO, to 
form that hematite from magnetite at 500°. At lower tempera- 
tures considerably greater quantities of CO, are needed. There 
are cases in which it is obvious that the volume of mineralized 
limestone is by no means large enough to have furnished the 
necessary tremendous quantities of CO2. Other sources of CO, 
are only speculative. 

The steam reaction requires still greater quantities of oxidizing 
agent than the CO, reaction, with even a lesser supply available. 
Apparently neither magmatic steam nor magmatic carbon dioxide 
is available for oxidation purposes. If the H, and CO of the 
various reactions could be removed from the system as quickly 
as formed, a very small quantity of H:O or CO, would suffice. 
But so far we know of no means by which they may be removed 
without also removing the H.O or CO.. It does not help to 
assume the removal of H. or CO by gaseous escape since the 
concomitant H,O or CO, would also be removed and the con- 
trolling gas ratio would remain unchanged. 

It is possible, however, that the gas-solid system may have no 
bearing on the problem, except for the alteration of materials 
already deposited. Undoubtedly the equilibrium constants con- 
trolling the oxidation of ferrous iron in solution differ from 
those of the gas-solid system, but to what degree is not known. 
If the difference is very great in the proper direction; that is, if 
K-(solution) is very much less than K-(gas-solid), the oxida- 
tion reactions under discussion may have a decided application to 
contact deposits and may furnish the true explanation for the 

i4 The relative age of magnetite and specularite would seem to be unimportant. 


For even though specularite is in some cases the earlier mineral, the iron presumably 
I 
passed through the stage of oxidation represented by Fe,Q,. 
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high ferric content in these deposits, as suggested by Butler. 
On the other hand, if the equilibrium constants for the two kinds 
of systems differ but little from each other, we would be justified 
in applying the gas-solid system to the problem, particularly since 
it is the only one for which we have critical figures. How much 
reliance can be placed on gas-solid equilibrium constants in con- 
sidering the solution systems would therefore seem at present 
to be a matter of judgment and something for the physical 
chemist to consider. 

Very recent work has shown that ferrous iron in solution may 
be oxidized to magnetite and hematite by the solvent water,” 
and that the presence of a certain proportion of HCI hastens the 
steam reaction appreciably,*’ but in these experiments the result- 
ing H. was permitted to escape and there was an unlimited supply 
of oxidizing agent, in some experiments acting on pre-existing 
material. These conditions do not exist in coniact deposits 
though they may elsewhere, as noted by Dr. Gruner for the 
specific problem which he describes. 


POSSIBLE MODIFICATION OF BUTLER’S SUGGESTION. 


A different explanation, considered by many geologists, for 
the high ferric content of contact deposits, based on the fact that 
ferric halides are very active compounds and on the synthesis of 
Fe.O, from FeCl, and steam, is that iron leaves the igneous 
source in the ferric state as the volatile halides.** This may be 
partly true, but there seem to be insufficient halides present to 
account for all the ferric iron. May it not be possible, however, 
that some of the iron may leave the magma in the ferric state in 
solution in some form other than the halides? If mineral-bear- 
ing emanations are a product of differentiation there would seem 


15 Op. cit. 
16 Kuhara, M., “ Experiments on the Hydrothermal Precipitation of Magnetite 
and Hematite,” Jap. Jour. of Geol. and Geog., vol. 4, nos. 1-2, 1925. 


17 Gruner, J. W., ‘‘ Hydrothermal Oxidation and Leaching Experiments . -. , 
Econ. GEOL., vol. 25, pp. 697-719, 837-867, 1930. 
18 The following table of vapor pressures is of interest in this connection (C. G. 


Maier, “ Vapor Pressures of the Common Metallic Chlorides ... ,” U. S. Bur. 
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to be no reason why the ferrous-ferric ratio in these emanations 
should be the same as in the solidified igneous rock which we 
assume represents their source. 

Assuming that some of the iron may leave the magma in the 
ferric state in a form other than the halide, the task placed upon 
steam and CO, may be lightened to a considerable though un- 
known degree, and the large ratio of ferric to ferrous iron in 
contact deposits may be due to an immeasurable combination of 
migration of part of the iron from the magma as ferric iron, and 
oxidation of the ferrous part by CO. and to a lesser extent by 
steam. The CO, may be derived in part, as suggested by Butler, 
from the silicate reactions and replacement phenomena involved 
in the formation of contact deposits, and in part from the silicate 
reactions of thermal metamorphism and from endomorphic in- 
fluences. 

Mines Tech. Paper 360, 1925). The table shows the comparative volatility of the 
common metallic chlorides. Values are given for as near 500° as were determined. 


Vapor Pressure 


Compound. Temp. ° C. cm. Hg. 
Ri? cite a ic uc ee Ieee 746.9 0.24 
RN ee Seca wine sik ae ere oS 682.5 1.12 
PSIG ei 5 o.cwie Sale ¥ ble teta sean 854.3 0.30 
PND UAGRH 5 oes wrap aloin 5 eet RS ore 971.9 4.87 
LE Se Le em rs Aye 489.9 0.58 
LC BA er Se ay 537-8 1.97 
PAN AS ina cis n CAs Res eae eS 572.4 4.45 
ONT |, Wines lowip oh eo ess Gee ES 728.4 3-35 

BANS a. a savas ae aisbiows stot 1,069.8 0.07 
SOUS Nn voc hens oa Soo Soe under 1,137 >0.4 
US ©; RE Rare en ea rs - 782.9 0.10 
RANG S65 bon pew arene soe 607.7 0.32 
BAe op can. oow Sos tise Behe 7908.6 1.00 
Isls Liha cae see Ree 699.0 1.20 
PAs arene ap wien bee 773.9 1.36 
CAMs. hin Seistc se Mdee Meee 633-3 0.64 
OT aa a aaa eR ry dissociates not measurable 
SSIs 5 se ebels'p cat etiees 409.4 11.66 
2 6 RE ee ee ate 536.2 20.53 
BUA Sis 5 gisin iclevels Stak wisp Sebeters 181.3 96.01 
|), © Paes Speen erat = 318 86 * 
ASE, REY Pace ee ree irc 124.0 78.58 
BHIGAN . \v-chs ok as CAG sles ee ae Rent 226.4 77.95 
110 RE AaR pune er A go Ra ons oN 468.8 120.04 
TAQ) hiiicm scape she se aoe ss dissociates at 383° at 1 atm. pres. 
RONG. 65 cnc ore alate bas Sse ae 304 76 


* Approximate difference between dissociation pressure and sum of vapor plus 
dissociation pressures. 
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A METHOD OF APPLYING REAGENTS UNDER THE 
MINERALOGRAPHIC MICROSCOPE. 


F. FITZ OSBORNE. 
INTRODUCTION. 


TuHE behavior of the opaque minerals in polished surface toward 
the standard reagents is the most important criterion for their 
identification by mineralographic methods. It is only necessary 
to examine the determinative tables in use to see that this is the 
case. In the unpublished tables of Dr. M. N. Short,’ of the 
United States Geological Survey, the minerals are first divided into 
two main classes on the basis of “ isotropism and anisotropism,” 
determined by their behavior towards polarized light. However, 
their further subdivision is based on the reactivity with nitric acid 
followed by their behavior with other reagents. The color 
and hardness are stated in empirical terms and no mention is made 
of electrical conductivity. 

The correct interpretation of the etching reaction is, therefore, 
vital for the identification of the mineral, but unfortunately there 
has been no standard procedure for etching. Two general 
methods are in use. The one consists in immersing the polished 
surface in the reagent and, after washing, examining it under 
the microscope; and the other, in putting one drop of the reagent 
on the surface while the specimen is on the microscope stage. 

Immersion Methods—This method has been favored by the 
metallurgists and is used by the European mineralographers. 
Schneiderhohn ° advocates the use of the immersion method to the 
exclusion of the drop method. Orcel* recommends the drop 


1 Short, M. N., “ Microscopic Determination of the Ore Minerals,” Pt. 3, Deter- 
minative tables, Second mimeographed edition, 1930. 

2 Schneiderhéhn, Hans, “ Anleitung zur mikroskopischen Bestimmung,” etc., pp. 
110-117, 1922. 

3 Orcel, M. J., “‘ Lee Methodes d’examen microscopique des minerales metalliques,” 
Bull. de la Soc. Fran. de Min., 48, pp. 272-358, 1925. 
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method for mineral identification but the immersion method for 
bringing out structure in mineral aggregates. In America, the 
method of immersion is less used than in Europe despite its ad- 
mitted advantages for certain purposes. This is because of the 





Fic. 1. Pipette guide on microscope. Pipette attached to lens barrel, 
showing set screw. 


necessity of re-polishing the surface after some tests and the im- 
possibility of observing the course of the reaction under the micro- 
scope. A modification * of the method, using glass dams around 
solution placed on the surface, obviates some of the disadvantages, 
but the method is much slower than the drop method. Further- 
more, it involves re-polishing the surface if the grains of the 
mineral are close together. 

Drop Method.—This is the method that has long been used by 
most American workers. The specimen is placed on the stage of 
the microscope and a drop of reagent is applied to the mineral 
under observation and allowed to remain for some time. Various 
methods of applying the reagent are in use: Davy and Farnham ° 

4 Osborne, F. Fitz., “‘ Technique of the Investigation of Iron Ores,” Econ. GEOL., 
vok 23, p. 443, 1928. 

5 Davy, W. H., and Farnham, C. M., “ Microscopic Examination of Ore Minerals,” 


P. 7, 1920. 











498 F. FITZ OSBORNE. 


advocate the use of capillary tubes capped at one end with a rub- 
ber bulb; Bastin ° suggests the use of triangular strips of white 
blotting paper; many workers use a loop of fine non-corrosive 
(commonly platinum) wire. Van der Veen ‘ allows the drop to 
react for one minute before placing the specimens under the micro- 
scope, and washes them before examination. 

There would be no objection to variations in the practice of 
etching were it not that, by their use, inconsistent results are pos- 
sible. The writer tested this, to some extent, during the past two 
years in the laboratory of the State University of Iowa. The 
students were allowed to choose the method of applying reagent 
which they preferred, and, after they had made their determina- 
tion, the same specimens, suitably disguised, were returned to 
them. The results showed a marked “ personal equation ” proba- 
bly due to the method of etching in those cases where differences in 
behavior were reported in the same specimen. The student using 
the same method of etching for the second test tended to be able 
to reproduce his previous result. 

In theory, all methods of applying the reagent should give con- 
‘sistent results. The observed differences are probably due in part 
to contamination and in part to the rubbing of the polished surface. 
Where the blotting paper method is used, the reagent is wiped on 
and does not form a drop as it does when the pipette is used. 
Furthermore, in using the pipette, the surface of the specimen is 
generally rubbed with the end of the pipette and the spot from 
which the polished film has been removed forms a point of attack 
for the solution. In all these methods, a considerable mechanical 
difficulty is experienced in placing the drop exactly where it is 
required on the surface of the specimen. One result of this is 
that, when an objective which has been in use for this type of work 
for some time is examined, it will generally be found that much 
of the mount is discolored by drops of reagent which have been 
applied on it. Also, it is usually necessary to remove the eve from 
the ocular and place the drop, more or less haphazardly, on the 


6 Bastin, E. S., Econ. Gror., vol. 11, p. 691, 1916. 


7 Van der Veen, R. W., “ Mineragraphy and Ore-deposition,” 1925. 
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illuminated spot on the specimen. This takes time and often 
prevents an initial effervescence being observed. 

A Guide for the Reagent Pipette—vThe writer has devised a 
simple apparatus for applying one drop of uniform size to the 
place where it is required. Briefly, it consists of a brass plate 
fitted around the barrel of the objective and bored with in- 
clined holes to allow glass pipettes (designed to deliver one drop 
of reagent) to nearly, but not quite, touch the polished surface 
of the specimen immediately below the intersection of the cross- 
hairs. 

As made for the writer the apparatus cost three dollars. The 
brass plate is 4.2 cm. long, 2.3 cm. wide, and .6 cm. thick. A hole 
was drilled to accommodate the barrel of the objective, and the 
plate held in place by a set-screw. Three other small holes were 
drilled in such a direction that, when the objective is at the stand- 
ard working distance, they would, if projected, cut a plane about 
one half millimeter above the polished surface in the line of col- 
limation of the microscope. Small differences may be adjusted by 
moving the plate up or down on the barrel of the objective. 

The Pipettes—After some experimentation, a method was 
found of making pipettes which would deliver one drop. The 
ordinary pipette, such as that illustrated in Fig. 1, is too coarse. 
By using heavy-walled glass and heating in a blast lamp, then 
drawing out, a strong pipette, but with a very fine bore, may be 
made. The swell on the pipette should come at such a position 
that, when inserted in the brass plate, its point nearly touches the 
surface of ihe specimen. By using tubing of suitable weight, a 
pipette may be made that will take up just one drop when its tip 
is immersed in solution and the upper end is open. The increase 
in the cross section at the swell prevents its filling farther. The 
pipette is capped at its upper end by a rubber bulb in which several 
pin-holes have been punched. By this means, capillary pressure 
vill cause the tube to fill to the swell, the displaced air escaping 
through the minute holes in the bulb. If then the holes are 
covered with the fingers and the bulb slightly squeezed, the reagent 
will be pressed out. 

Instead of using the usual type reagent bottles, the reagents 
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are kept in small phials which are set in a block of wood, and the 
cork cemented around the pipette serves to stopper them. The 
tip of the pipette just dips in the solution. The phials are refilled 
as needed from the larger bottles of stock solution. A coarser 
pipette, such as shown in Fig. 1, for washing the surface of the 
specimens, and an air jet of the same size may be used in the same 
place in drying them. 

Advantages of the Pipettes—If the tip of the pipette is wiped as 
it is withdrawn from its phial, no reagent is left on the guide as 
it is passed through the brass plate, and the tip is then in such a 
position that, when the bulb is pressed, one drop only falls on the 
surface of the specimen. This drop is commonly circular in 
section and of almost constant size. The drop may be made 
smaller by squeezing out part of the contents of the pipette before 
placing it in position, but if it is very small, the tip of the pipette 
must actually touch the surface of the specimen in order that the 
drop may be disengaged. If the phials are placed in the wood 
block in the order in which they are ordinarily used, the correct 
reagent may be taken without removing the eye from the ocular 
with the assurance that it will contain one drop, and that the drop 
will fall on the center of the field of the microscope. 

A Further Use of the Guide Plate—The guide plate is of fur- 
ther use in the determination of hardness. For this purpose, a 
fine hole is drilled through the plate at such an angle that, if 
projected, it would touch the polished surface in the line of col- 
limation when the objective is at the normal working distance. 
This small hole may be polished by drawing through it a thread 
dampened with oil and coated with optical-grade alundum. A fine 
steel needle loaded on the head with Wood’s metal is inserted 
through this hole. It is possible to determine three degrees of 
hardness with one needle by moving the mechanical stage in the 
direction of the acute angle made by the needle with the surface, 
or in the opposite direction, or in the direction at right angles. A 
number of needles loaded with varying weights of Wood’s metal 
are used. They are calibrated against the standard hardness series 
suggested by Talmage, and, if calibrated sufficiently frequently, 
furnish results which approximate to his on the softer minerals. 
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li discarded for one hardness range, the needle may be used for 
another. The device is especially valuable for comparing the 
hardness of two or more minerals which occur in the same surface, 
by observing the character of the scratch made as the needle 
traverses each. 

The writer has found that the guide plate and accessories de- 
scribed are particularly useful for beginners in mineralography 
and obviates the difficulty in placing the drop of reagent on a 
polished surface at the spot desired. It also enables the reaction 
with fumes to be observed more clearly than where the reagent is 
smeared on the surface. Provided the surfaces on which the 
reagents are placed are truly clean, more consistent reactions seem 
to be obtained by this method than by those generally employed. 

McGiLtt UNIVERsITy, 

MonTREAL, CANADA. 











THE DIAMOND-BEARING REGION OF NORTHERN 
MINAS GERAES, BRAZIL. 


LUCIANO J. MORAES AND DJALMA GUIMARAES. 


THE diamond-bearing region in the northern part of the State of 
Minas Geraes stretches from the head-waters of the Jequitinhonha 
River, South of Diamantina, northward to Grao Mogol and Serra 
Nova. The last-named place lies on the watershed of the Rio 
Pardo, which enters the Atlantic a little below the Salobro 
diamond area in the southern part of the State of Bahia. Within 
this area diamonds occur in the table-lands, the Jequitinhonha 
River and nearly all its tributaries, including the Rio Arassuahy. 

South of Diamantina, the Paratna River and its tributaries 
are equally diamantiferous. The Paratina is a tributary of Rio 
das Velhas, as is also Rio Pardo Grande, which drains the 
diamond-bearing region of Sao Joao da Chapada and Corrego 
Novo. Rio das Velhas is one of the main eastern tributaries of 
the Sao Francisco River. Westward, are the diamond deposits 
on the northeastern flanks of Serra do Cabral, such as Burity 
Grande, Barreiro, Jequitahy, and others occur in the valley of the 
Jequitahy, an eastern tributary of the Sao Francisco River. 

The present article deals only with the diamantiferous region 
sketched above, that is, the deposits east of the Sao Francisco 
River. 

The main topographical feature of the region between 
Diamantina and Grao Mogol is Serra do Espinhaco, a mountain 
range which starts near Barbacena and extends northward across 
the State of Bahia. Along this range are situated the principal 
mineral deposits of economic value to Brazil, such as iron, man- 
ganese, gold, and diamonds. The region is rugged, cut by deep 
valleys, and the mountains rise to a height of from 600 to 1,500 
meters. 
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Map of Diamond Region, Northern Brazil. 
GENERAL GEOLOGY. 

The geological features of this region may be grouped as fol- 
lows: (1) the Crystalline Complex, (2) the Minas series, (3) the 
Itacolomy series, (4) the Lavras series with its formations 
“ Sopa” and “ Macahubas,”’ (5) the Bambuhy series, (6) 
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igneous rocks, Upper Paleozoic and Mesozoic, (7) Tertiary de- 
posits, and (8) Quarternary deposits. Of these, the two of 
greatest interest are the Itacolomy and the Lavras series. In the 
following remarks, special emphasis will be laid on recent 
observations. 

Crystalline Complex.—This formation, of Archeozoic age, is 
composed of gneiss and various crystalline schists with inter- 
calations of marble. It was injected by granites and other 
igneous rocks and occupies vast areas both in southern and 
northeastern Brazil. 

In the area under review only gneiss and granites occur. 
South of Diamantina, granite outcrops within the village of 
Gouveia, on the Fazenda do Palmital, below the Parana Canyon, 
and in the neighborhood of Andrequicé. Northward, gneiss and 
granites occur from Desembargador Ottoni almost to the banks 
of the Jequitinhonha River; from Serra dos Machados to beyond 
the village of Itacambira; around Serrinha, Campo Bello, and 
other minor areas to the South of Grao Mogol; and west of Serra 
do Grao Mogol along the road leading to Riacho dos Machados. 
In these localities, the overlying formations have been removed 
by erosion. 

Minas Series ——This series consists of metamorphosed phyl- 
lites, quartzites, itabirites, and limestones, and extends far south 
ef Diamantina. Large areas occur in the districts of Ouro Preto 
Concei¢ao do Serro, and Itabira do Matto Dentro. The principal 
iron and manganese deposits in the state of Minas Geraes are 
found in this series. 

The only places in the region under consideration where this 
formation has been identified with certainty are in the Boa Vista 
mine southeast of Diamantina, where it underlies the diamond- 
bearing conglomerate, and in the neighborhood of Terra Branca 
on the banks of the Jequitinhonha River. On the Fazenda de 
Santa Cruz, near Grao Mogol, the quartzite of this series also 
outcrops. 

The sandstones, quartzites, and metamorphosed phyllites 
which have been referred to the Minas series in the Diamantina 
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district really belong to the overlying Itacolomy series. The 
phyllites for the most part appear to be sheared eruptive rocks 
introduced into the Itacolomy, series. In the interval between the 
formation of the Minas series and the deposition of the Itacolomy 
series there was a strong diastrophism resulting in folding, fault- 
ing, and the injection of diabases and basalts. These igneous 
rocks are now metamorphosed and resemble crystalline schists. 
Italcolomy Series—This series consists of quartzites, sand- 
stones, conglomerates and phyllites. Serra do Itacolomy, near 





Fic. 1: Itacolomy quartzite. Serra de Itambé, Minas Geraes, Brazil. 


Ouro Preto, Serra de Itambé (Fig. 1), and a great part of Serra 
do Espinhago between Diamantina and Grao Mogol are composed 
of these rocks, as are also Serra de Cabral and the greater part 
of the Parana region. The predominating rocks are quartzites 
and sandstones, the latter including conglomeratic beds, all folded 
into anticlines and synclines. In the hillsides the dip is pro- 
nounced; on the table-lands it is gentle. The sandstone and 
quartzite commonly show cross-bedding and ripple-marks. The 
quartzite in places has an itacolomitic structure, being divided into 
flexible slabs, as, for example, at Grao Mogol and to the west of 
Sao Joao da Chapada. 

The diastrophism was further marked by intrusion of peg- 
matite, diamantiferous rocks, and diabase, all of which are now 
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highly altered. Thus, the pegmatites and diamantiferous rocks 
are completely sericitized and kaolinized, and the diabases are 
transformed into epidiabases and amphibolites. Pegmatites cut 
this series in the quartz deposits of Serra do Cabral, Serra de 
Itacambira and Serra Mineira.* 

The diamond-bearing rock to be described later occurs, among 
other places, at Perpetua, Pagao, Campo de Sampaio, and Sao 
Joao da Chapada. Its intrusion probably preceded that of the 
diabase and its sericitization took place with the diabase intrusion. 
This hypothesis is confirmed by the fact that fragments of seri- 
citized diamantiferous material are found in the Sopa conglom- 
erate. The diabases occur, among others, in the following 
localities: the neighborhood of Sao Joao da Chapada, Pinheiro 
and the Pinheiro River, Gouveia, the Rio Paratina zone, the 
flanks of Serra do Cabral, Serra do Gigante, and Serra de 
[tacambira. 

At Agua Parada, seven kilometers northwest of Itacambira 
and on the watershed between the Macahubas and Itacambirussu 
Rivers, there occurs a granulitic rock injected into the Itacolomy 
sandstone forming innumerable kaolinized veins in the latter. 
The veins criss-cross in all directions, resulting in a breccia 
similar to the diamantiferous rock in the Barro mine at Sao Joao 
da Chapada, only more compact and dry. 


9 


The term “ Itacolomy quartzite” was introduced by Harder 
and Chamberlin * to designate the upper series of the Itacolomy 
Peak near Ouro Preto. This series lies unconformably on the 
lower or Minas series, as was previously shown by Derby.* The 
conglomerate of the former series contains pebbles derived from 
the rocks of the latter (Minas), principally itabirites. The rocks 
in the Diamantina district belong to the Itacolomy series and not 
to the lower series or “Caraga quartzite” of Harder and 
Chamberlin. 

1 Moraes, Luciano J., “ Jazidas de Quartzo no Norte de Minas Geraes,” Serv. 
Geol. e Miner. do Brazil, Bol. 18, 1926. 

2Harder, E. C., and Chamberlin, R. F., “ Geology of Central Minas Geraes,” 
Jour. Geol., vol. XXIII, No. 4, May-June, 1915. 

3 Derby, Orville A., ‘‘ Observations on Some Diamond-bearing Rocks in the 


Province of Minas Geraes,” Arch. Mus. Nac., vol. IV, Rio de Janeiro, 1879. 
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Fic. 2, Sopa conglomerate on Itacolomy quartzite; and Fic. 3, 
Diamantiferous conglomerate of the Sopa formation. Grao Mogol, 
Minas Geraes, Brazil. 

Fic. 4. Diamantiferous rock (breccia). Lavra do Barro, Sao Joao da 
Chapada, Municipality of Diamantina, Minas Geraes, Brazil. 
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Lavras Series—This series is divided into two formations. 
the “‘ Sopa,” consisting of diamantiferous conglomerates, and the 
“Macahubas,” composed of phyllites, conglomeratic phyllites, 
and sandstone. The first is of fluvio-glacial, the second of glacial 
origin. 

The Sopa formation occurs in the following places: Sopa. 
Guinda, Boa Vista, Extraccao (Curralinho), Dattas, Parauna 
River and Grao Mogol (Figs. 2, 3). Pebbles of sandstone and 
quartzite of the Itacolomy series predominate ; quartz pebbles and 
those derived from the Minas series are less common; those of 
granite and diabase are rare. The pebbles are set in an argillo- 
sericitic or arenaceous cement. 

The Macahubas formation (Figs. 5, 6) extends northeastward 
from Mendanha and Pedra (2 Km. N.E. of Inhahy), and under- 
lies the extensive plateau to the east of the Jequitinhonha River. 
As a rule the conglomerate of this formation is phyllitic, and the 
quartzite and sandstone pebbles of the Itacolomy series pre- 
dominate. However, pebbles of granite, syenite, and on the 
northeast flank of Serra de Cabral, diabase, also occur. Well 
exposed outcrops of this formation appear in the following local- 
ities: Cangicas, Capao Grosso, Campinas, Pedras, on the banks 
of the Jequitinhonha River (Cinco Anzoés, Duas Barras), Cor- 
rego Mandacaia, Upper Congonhas and Corrego Bananal—the 
latter a tributary of the Itacambirussu River. 

Field and laboratory study of this formation indicate that it is 
of glacial origin. The conglomerates and conglomeratic phyl- 
lites, judged by the pebbles and cement, and the arrangement of 
the rocks, suggest metamorphosed . phyllites. Many of the 
pebbles are typically glacial in character (Figs. 5, 6, 7) ; some 
have the “ flat-iron”’ form noted by Von Engeln.* Dr. Euzebio 
de Oliviera,’ who is thoroughly conversant with the Permo- 
Carboniferous glacial deposits of southern Brazil, considers a 
glacial origin probable in the case of these deposits as a result of 
his study of the Lavras series in the State of Bahia in 1921. Mr. 





4 Von Engeln, O. D., “‘ Type Form of Faceted and Striated and Glacial Pebbles,” 
Amer. Jour. Sci., vol. XIX, No. 109, Jan., 1930. 
5 Verbal communication. 
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ms, Horace Williams, of the Geological Department, obtained the 
the same impression when studying this series in that State. Dr. 
tes, L. F. Moraes Rego two years ago suggested to one of the authors 
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Fics. 5 AnD 6. Pebbles of metamorphic tillite of the Macahubas for- 
mation. Minas Geraes, Brazil. 

les,” Fic. 7. A soft fragment of argillo-sericite rock in Macahubas tillite. 

Corrego Cachoeirinha, between Olhos d’Agua and Inhahy, Minas Geraes, 

Brazil. 
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a fluvio-glacial origin for the diamantiferous conglomerates of 
Boa Vista, Sopa, and Guinda. 

Generally speaking, the Sopa and Macahubas formations can 
be plainly seen to rest unconformably on the Itacolomy series. 
On the flanks of Serra Mineira and Serra do Cabral the Maca- 
hubas series immediately underlie the Bambuhy series. 

Another distinction between the Sopa and the Macahubas series 
is that the former in most cases rests on the diamond matrix 
rock or is in close proximity to it. This accounts for the varia- 
tion in the quality of the diamonds from one deposit to another. 

The age of these formations is unknown. One can say only 
that they are more recent than the Itacolomy series and more 
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Fic. 8 (upper). Diagrammatic east-west section between Serra do 
Cabral and Macabuhas River, showing the relations of Itacolomy quart- 
zite, Macahubas formation and Bambuhy series. 

Fic. 9 (lower). Cross section at Burity Grande, Serra do Cabral slope. 
Minas Geraes. 


ancient than the Bambuhy. This is indicated in Figs. 8 and 9. 
Also, they are much more metamorphosed than the Bambuhy 
series as can be seen especially in the conglomerates at Grao 
Mogol, and in the metamorphosed tillites at Pedras, near Inhahy. 
The metamorphism, the lack of known fossils, and a comparison 
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with somewhat similar formations in North America® suggest 
a late pre-Cambrian age. 

In the Macahubas River the diamond and the carbonado ap- 
pear to be derived for the most part from the disintegration of 
the conglomerates of the Macahubas formation. In the work- 
ings at Capao do Curral and Duas Barras, west of the Jequitin- 
honha River, diamonds appear in detrital material resting upon 
and derived from the above-mentioned conglomerate. The dia- 
mond-bearing conglomerate at Burity Grande and Conceigao do 
Barreiro, on the fanks of Serra do Cabral, like that described by 
Derby * at Jequitahy, is identical with the Macahubas conglom- 
erate (tillite) and belongs to that formation. 

The deposition of the Lavras series was followed by a period 
of deformation and erosion. The two formations of the series 
were subjected to intense folding, accompanied in certain places 
by shearing and faulting. The general strike of the beds is 
northeast and, in places, nearly north-south. In the neighbor- 
hood of the Itacolomy series, in Serra do Espinhacgo and Serra 
do Cabral, the Macahubas formation is steeply inclined or vertical, 
as a result of faulting. At these points the lamination is marked 
and the pebbles are flattened, in most cases having one end pear 
shaped and pointing downwards. The dip is southeast or north 
west, the former predominating. To the east of Serra di 
Espinhaco the dip is less, varving from 10° to 30 

At Catta Rica, near Extraccao, the Sopa conglomerate strike 
northeast and dips 70° S.E. The pebbles are mostly elliptic< 
and lens-shaped; the cementing material is metamorphosed int 
a schistose rock similar to sericite-schist. At Grao Mogol the 
same conglomerate, although almost free from mica, has under- 
gone lamination and recrystallization to such an extent as to be 
confused with quartzite by several experienced geologists. In 
the Boa Vista mine the diamond-bearing conglomerate is pene- 
trated by a thin dike of basaltite, the present structure of which 

6 Coleman, A. P., “ The Lower Huronian Ice Age,” Jour. Geol., vol. XVI, pp. 
149-158, 1908. 

7 Derby, Orville A., “‘ Estudos Geologicos practicados nos valles do Rio das 


Velhas e Alto Sao Francisco,” Rio de Janeiro, 1882. 
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is now obliterated. During the period of deformation the dia- 
mond-bearing rock had its structure completely altered by the 
tourmalinization of this series. At Cachoerinha and Duas 
Barras, north of Diamantina, between the villages of Olhos 
d’Agua and Inhahy, tourmaline is relatively abundant in the meta- 
morphosed tillites. Probably metamorphism destroyed the 
glacial striae, which can no longer be observed on the pebbles. 

In view of the considerations just set forth, i.e. the degree of 
metamorphism of the Lavras series, and the fact that the Maca- 
hubas formation underlies the Bambuhy series, the latter being 
probably of Silurian age, it is evident that the Sopa conglomerate 
cannot on any hypothesis be of Mesozoic or early Tertiary age, 
as was supposed by Harder and Chamberlin. 

Bambuhy Series—This series consists of slates and sandstones 
with intercalated limestones. The sandstones are less common 
and include arkose on the eastern side of the outcrops. ‘The slate, 
where altered, has the appearance of shale and becomes soft, 
generally reddish or grayish in color. 

The Bambuhy series is widespread in the state of Minas Geraes 
It extends from the eastern slopes of Serra do Espinhaco to Serra 
da Canastra and Serra da Matta da Corda. On the flanks of 
Serra do Espinhacgo (Serra Mineira), west of Diamantina, as 
well as in Serra do Cabral, it rests upon the Macahubas formation. 

In the central part of the basin the beds are almost horizontal 
but near contact with the older formations the dip is more pro- 
nounced. The predominating strike is northeast, parallel to that 
of the older series, and the dip is southeast or northwest. In 
addition to the dynamic forces that produced folding and moun- 
tain formation, there were also introduced veins of gold, galena, 
blende, and chalcopyrite. The metamorphism in the series, how- 
ever, is much less than that in the underlying series. 

The age of the Bambuhy series is probably Silurian, according 
to Dr. Ruedemann,* who agrees with the ideas of Dr. Euzebio de 


8 Maury, Carlotta J., “ Recent Paleontological Collections of the Geological 
Survey of Brazil,” Serv. Geol. e Miner. do Brazil, Bol. 33, Rio de Janeiro, 1929. 
“The Fossiliferous Limestones at Bom Jesus da Lapa, Bahia,” Serv. Geol. e Miner. 
do Brazil, Monogr. VII, Rio de Janeiro, 1929. 
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Oliveira in not accepting the Permian age suggested by J. C. 
3ranner. 

Igneous Rocks of the Upper Paleozoic and Mesozoic.—The 
eruptions and intrusions of nepheline rocks during the Permian 
age, which are represented to the south by the ranges of Serra 
do Tingua, Pict, Caldas, and others, occur also in the neighbor- 
hood of Serra do Itambé, southeast of Diamantina.® 

At the Morro da Tolda, situated on the Fazenda de Santa Cruz, 
fifteen kilometers south of Grao Mogol, there occurs a dike of 
basaltite, related to the basaltic magma of southern Brazil, of 
upper Triassic age. The basaltite cuts gneiss on a small hill 
situated in a valley surrounded by mountains of Itacolomy 
quartzite. 

Besides its petrological identity with the basaltite of southern 
Brazil, this basaltite occurs in a condition of complete freshness, 
in contrast to the eruptive rocks intruded into the Minas and 
Itacolomy series which, as we have seen, have been profoundly 
metamorphosed. 

Tertiary Deposits—In the basins of the middle Jequitinhonha 
River and Rio Pardo are Tertiary deposits, probably Pliocene, 
which cover several mountains and form plateaus.” They are 
non-fossiliferous horizontal beds composed of soft sandstone 
and clay, and resemble those which cover various mountain chains 
of northeastern Brazil and form the coastal cliffs. We have seen 
two areas of these deposits, one on the Burity plateau, near Terra 
Branca, on the left bank of the Jequitinhonha, and the other in 
Serra de Espaduado, the local name for Serra de Itacambira, 
forty kilometers from the village of the same name. The thick- 
ness of both these deposits does not exceed thirty to forty meters. 

Quarternary Deposits—These deposits consist of material 
filling up the limestone caves of the Bambuhy series, of deposits 
of canga (ferruginous conglomerate) that cover several plateaus, 
of alluvial deposits, and river terrace deposits. The material in 


® Derby, Orville A., “On Nepheline Rocks in Brazil, with Special Reference to 
the Association of Phonolite and Foyaite,” Quart. Jour. Geol. Soc. London, XLIII, 
PP. 457-473, 1887; XLVII, pp. 251-265, 1801. 
10 Hartt, C. F., ‘“‘ Geology and Physical Geography of Brazil,” Boston, 1870. 
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the caves, which was exceedingly well studied by Lund, is Pleis- 
tocene and has yielded a great number of bones of fossil mam- 
mals. The canga deposits and the ancient terraces of the 
Jequitinhonha River, as well as certain consolidated conglom- 
erates, were also probably formed during the Pleistocene. It is 
also possible that part of the detrital deposits date from this 
time. In the Holocene, were formed the deposits of ‘‘ cascalho ”’ 
in the river beds and those of detrital origin in the river terraces. 


DIAMOND-BEARING DEPOSITS. 

The diamond-bearing deposits of northern Minas Geraes can 
be grouped into four types: (1) Deposits consisting of the actual 
matrix of the diamond (sericitic rock), such as Sao Joao da 
Chapada (Barro), Campo de Sampaio, Pagao, Perpetua, and 
others. (2) Ancient conglomerate beds of the Lavras series, for 
instance: Boa Vista Serrinha, Sopa, Guinda and Grao Mogol. 
(3) Deposits of detrital material, derived from the older con- 
glomerates or from the original diamond-bearing rock. (4) 
Deposits of alluvium existing in the beds and banks of the rivers 
derived from all the above types. 

The first two types have been accorded widely differing inter- 
pretations by those who have studied them, and for this reason 
we think it advisable to give a brief description of some of the 
most characteristic of them. 


Deposits of the Original Matrix of the Diamond. 


Sado Jodo da Chapada.—Near the village of this name are 
situated the famous “* Barro”’ workings, in which the diamond 
is found in an eruptive breccia commonly called barro or massa 
(Fig. 4). This material consists of fragments of quartzite or 
phyllite, bound by a kaolin-sericitic cement. The material, gen- 
erally soft and water-saturated, is white, pink, or dark colored. 
Laterally, on the sides of a mining excavation, can be seen beds of 
quartzite with a N.S. strike, dipping approximately 40° east. 
In general, the quartzite fragments are friable and subangular 
or rounded in shape. The cementing material presents flow 
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structure. Abundant quartz veins with drusy structure and 
biterminal crystals intersect the breccia. 

On the western side of the cut are narrow dikes of altered 
brecciated rock that intersect the quartzite at right angles and 
ramify along its bedding planes. The quartzite, like the frag- 
ments contained in the breccia, is friabie, fine-grained, and free 
from mica, whereas the dike material, soapy to the touch and 
dark in color, is microcrystalline and schistose. In the dikes 
the schistosity is parallel to the walls, and in the sills it follows 
the stratification of the quartzite. The dikes also contain 
rounded or subangular fragments of quartzite, so that they re- 
semble the great brecciated masses in the center of the workings. 

On the eastern side of the workings are clay-like masses inter- 
stratified with the quartzite that differ from the kaolin-sericite 
masses of the western part in that they contain iron oxide, which 
imparts to the material a pale yellow to almost purple hue. The 
iron oxide probably results from the decay of included specular 
hematite. 

It is in places difficult to distinguish the clay-like mass from 
certain decomposed phyllites rich in iron oxide that are com- 
monly interstratified with the quartzite. In the Unha d’Anta 
working, northwest of the Barro mine, the phyllite can be seen 
incompletely weathered. Here also occurs a rock similar to that 
found by Gorceix in the topaz deposits of Boa Vista and Capao 
do Lana near Ouro Preto in close relation with that gem. 

As a rule the small dikes are brecciated whereas the sills are 
not, but resemble thin lavers of mica-schist intercalated with the 
quartzite. 

The rounded form of the quartzite fragments found in the 
breccia is due to corrosion during the hydrothermal action to 
which the rock was subjected. The surface of these fragments 
is covered by corrosion figures and recrystallization of quartz. 

The rocks in the neighborhood of Sao Joao da Chapada are the 
Itacolomy sandstone and quartzite with ripple-marks. The beds 
as a rule strike N. 30° E. and dip from 20° to 30° S.E.™ 

11 Guimaraes, Djalma, “‘O diamante no Estado de Minas Geraes,”’ Serv. Geol. e 


Miner. do Brazil, Bol. 24, Rio de Janeiro, 1927. 
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Perpetua Deposit—The original matrix of the diamond also 
occurs at Perpetua, seven kilometers northwest of Diamantina. 
The rock is a grayish phyllite, intercalated with the sandstone and 
quartzite of the Itacolomy series. The phyllite dips 85° E. and 
strikes approximately north-south. It contains manganese-bear- 
ing and small hematite-bearing nodules; the latter are called by 
the diamond diggers “ olhos de peixe” (fish eyes) and are con- 
sidered by them to be satellites of the diamond. 

The maximum width of the phyllite band does not exceed 7.5 
meters. There is more than one band and there are also offshoots 
that cross the sandstone, some of which strike southeast. Some 
masses, approximately horizontal, are inclosed in the sandstone, 
but their thickness ranges only from one to six meters. 

Under our direction several cubic meters of phyllite were 
washed, yielding two diamonds. The material treated was care- 
fully separated from the country rock. Re-examination of the 
dump piles furnished two more diamonds. In all we washed 
thirty cubic meters of phyllite, ten cubic meters of which were 
soft and whitish and the remainder more compact, dark in color, 
and rich in manganese-bearing hematite nodules. It was from 
the latter variety that the diamonds were obtained, but we were 
informed that the former variety also contains diamonds, various 
diggers having obtained from it about 160 carats during 1922 
and 1923. This information is confirmed by the existence of an 
excavation in the phyllite and by piles of concentrates consisting 
almost exclusively of hematite nodules. 

Slightly to the east of this excavation there is another outcrop 
of phyllite that strikes northwest and dips 50° N.E., interstrati- 
fied in the sandstone. There are also other outcrops of similar 
occurrence. At first sight these appear to be conformable inter- 
calations in the Itacolomy series, but closer examination reveals 
that they are laminated intrusive rocks. This is borne out by 
petrologic study. 

Using the term in the sense of the French petrologists, these 
phyllites appear to have been originally “ granulites ” which were 
subsequently laminated, sericitized, and tourmalinized. They 
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consist essentially of sericite and contain as accessory minerals 
hematite in abundance, tourmaline, and less commonly monazite, 
xenotime, and rutile; quartz is comparatively rare. 

In the diamond workings of Brumadinho and Guinda, to the 
northwest of Perpetua, similar phyllite is found, containing 
identical hematite nodules. It is presumably diamond-bearing 
and, like the phyllite at Perpetua, it lies immediately below the 
Sopa conglomerate in which the diamond occurs as detrital 
material. At Sopa, in that part of the mine called the “ Cali- 
fornia’ workings, the conglomerate also rests upon phyllite. At 
Brumadinho and Guinda we had some phyllite washed but did not 
succeed in recovering any diamonds. The amount of material 
washed, however, was not sufficient to disprove the existence of 
diamonds in the phyllite at these places. 

Pagao Workings—This mine lies four kilometers north— 
northwest of Sao Joao da Chapada. The diamond-bearing ma- 
terial here is a whitish or grayish phyllite appearing as a band 








al Pagao Mine 











Fic. 10. Itacolomy quartzite (a) and diamond-bearing phyllite (b), 
Pagao mine. 


apparently intercalated with the Itacolomy quartzite (Fig. 10). 
It strikes north-south and dips from 65° to 80° east. The phyl- 
lite, which hasbeen mined from a deep cut along its strike, is 
similar to that of Perpetua, but does not contain the hematite 
nodules. West of the cut it is compact and gray in color. The 
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maximum width of the occurrence is about 20 meters. On both 
sides of the cut and in its neighborhood, the only rock to be found 
is the Itacolomy quartzite, with a southeast dip. In the wider 
parts of the phyllite are inclusions of quartzite which are inter- 
sected by quartz veins containing smoky crystals. 

Although the superficial deposit of detrital material in this mine 
has been worked for diamonds since 1825,’° it was only in 1915 
that the phyllite was accidentally discovered. From 1915 to 1921 
diamonds were extracted from this phyllite to the value of eight 
hundred contos de reis.** 

Campo de Sampaio or Cadete Mine.—This working lies 3 kilo- 
meters northwest of Sao Joao da Chapada and 2 kilometers due 
north of Pagao. It resembles the ** Barro” Mine at Sao Joao da 
Chapada. As in the latter, the desired material is the breccia 
with quartzite fragments, but diamonds are also found, though 
less commonly in the phyllite associated with the breccia. 

There are various dikes or bands of this phyllite. At one point 
on the western side of the excavation it is gray in color and more 
compact; on the eastern side it is white or pink, is contorted, and 
rests upon the breccia. On the same side there also occurs Sopa 
conglomerate with pebbles of Itacolomy quartzite and an 
arenaceous cement. 

Other Diamond Workings Associated with the Phyllite—In 
the vicinity of Sao Joao da Chapada and between this place and 
Diamantina, there are several other diamond workings in which 
occurs a phyllite similar to the one that produces diamonds at 
Perpetua and Pagao. Operations at these places are confined, for 
the most part, to the washing of the detrital material that rests 
on the phyllite and the Itacolomy quartzite, and has been derived 
from their disintegration. In one process of ground sluicing a 
certain amount of phyllite becomes mixed with the overlying 
material, and it is reasonable to suppose that in these deposits also 
the phyllite is the original matrix of the diamond. 


12 Santos, Joaquim Felicio dos, “ Memorias do Districto Diamantino,” Rio de 
Janeiro, 1868. 

13 According to information supplied by Mr. Catao Gomes Jardim, Junior, the 
local Diamond Claims Inspector. 
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Such a working is at Correias, 2 Km. west of Sao Joao da 
Chapada, where limited operations are carried on intermittently. 
Here the phyllite is injected in the Itacolomy quartzite. It occurs 
in small quantity and is white, grayish, or reddish in color, as at 
Perpetua and Pagao. 

At Corrego Novo, 15 Km. northwest of Sao Joao da Chapada, 
at the headwaters of Rio Pardo Grande, diamonds are obtained in 
secondary deposits. West of the stream, however, there is a 
small elevation composed of hematitic phyllite similar to that at 
Perpetua. It forms a band in the Itacolomy quartzite approxi- 
mately 10 meters wide. The quartzite strikes north and dips 5 
E. The phyllite here is probably a sheared eruptive rock, in- 
truded into the Itacolomy series. 

Near Corrego Novo, on the range dividing the waters of Rio 
Pardo Grande from those of Rio Preto, there occurs material 
identical with that of the diamond-bearing breccia at Sao Joao 
da Chapada. The rock, laminated and sericitized, has the appear- 
ance of phyllite. In the immediate vicinity is a vertical vein of 
fine gray kaolin, intersecting quartzite, which is undoubtedly a 
decomposed eruptive rock, probably granulite. This material is 
similar to the cement of the breccia at Sao Joao da Chapada. 
The existence of these eruptive rocks in the vicinity of Corrego 
Novo accounts for the fact that Rio Preto and Rio Pardo Grande 
are diamond-bearing. 

At the Lucinda workings, situated south of Sao Joao da 
Chapada-‘and one kilometer northeast of the village of Chapada, 
where diamonds are being sought in detrital material, inter- 
calations of phyllite occur in the Itacolomy quartzite, as at Per- 
petua. The quartzite dips southeast. At the Areiao workings, 
also near Chapada, phyllite again occurs in dikes and sills in the 
Itacolomy quartzite. This working produces few diamonds and 
is washed chiefly for gold, which is derived from the destruction 
of quartz veins. 

At Morrinhos, two and a half kilometers northeast of Sopa 
on the road to Sao Joao da Chapada, there is a breccia similar to 


that at the last-named locality. The country rock is Itacolomy 
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sandstone intersected by quartz veins. The breccia contains sand- 
stone fragments belonging to this series. 

Similar phyllite is also found at the diamond workings of 
Arranca Rabo and Casuza, between Guinda and Diamantina, as 
well as at Serra Nova. 


-4 


Conglomerate Deposits. 


The Boa Vista Mine.—This deposit is situated 12 kilometers 
southeast of Diamantina, and consists of a conglomerate of the 
Sopa formation (Lavras series) that contains large pebbles of 
quartzite, phyllite, quartz, and Itacolomy sandstone (Fig. 11). 





Fic. 11. Diamantiferous conglomerate- Boa Vista Mine, Diamantina, 
Minas Geraes, Brazil. 


In it are lenses of sandstone of the same formation. The dia- 
mantiferous conglomerate rests on the Itacolomy series and, on 
the northwest side of the mine, on itacolomite and phyllites of the 
Minas series. A basaltite dike, now metamorphosed, intrudes 
the conglomerate. The underlying rocks and the conglomerate 
are both cut by quartz veins. 

The conglomerate deposit does not exceed 20 meters in thick- 


ness. 
many 
This 
capab 
tion | 
this d 
Diz 
at va’ 
series 
Boa 
Sopa 
Vista 
same 
resti1 
at va 
De 
prince 
Itaco 
itself 
band 
posit 
Tro} 
citic 
is al 
semlk 
forn 
ther: 
Pret 


the 
mat 
carr 
the 


con: 





nd- 


tina, 


dia- 
on 
the 
ides 
rate 





DIAMOND-BEARING REGION OF BRAZIL. 


ness. Its pebbles are in part rounded and in part subangular; 
many appear to have been subjected to glacial transportation. 
This fact, in connection with the presence of soft material in- 
capable of resisting fluvial transportation, and the even distribu- 
tion (vertically) of the diamonds, leads to the conclusion that 
this deposit and those similar to it are of fluvio-glacial origin. 

Diamond-bearing conglomerate is also found at Dattas and 
at various points on the Paratina River, resting on the Itacolomy 
series. The diamond-bearing beds of Nove Vintens, adjoining 
Boa Vista, Extraccao (Curralinho), Serrinha, Cavallo Morto, 
Sopa and Guinda are in every respect similar to those of Boa 
Vista. They are composed of similar material, and have the 
same fluvio-glacial origin. The diamond-bearing conglomerate 
resting on the Itacolomy series is also to be found at Dattas and 
at various points on the Parauna River. 

Dattas Working—The diamond-bearing deposits here are 
principally detritus derived from the conglomerate and the 
Itacolomy sandstone, and to a lesser extent the conglomerate 
itself. The latter, called “‘ massa,’ forms a narrow northeasterly 
band, which is folded, and intersected by quartz veins. The de- 
posits here described are those of Terra Alta, Surrao, Passoca and 
Tropinha. In the Tropinha working is a dike consisting of seri- 
citic material intersected by quartz veins. This sericitic material 
is also found laminated, in the form of beds. The material re- 
sembles pegmatite or an altered granulite and, we have been in- 
formed, also yields diamonds. In the neighborhood of Dattas 
there are other diamond-bearing deposits such as those of Barro 
Preto, José Prudente and Sabastiao Alves. 


Detrital Deposits. 


The detrital deposits are formed in situ by the weathering ot 
the diamond-bearing conglomerate and the decomposition of the 
matrix rock, concentration being effected by rain water, which 
carries away the lighter material, leaving the heavier, including 
the diamond. This heavy material is called “ gorgulho” and 
consists chiefly of angular fragments. 
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Deposits of this nature are called “ grupiaras’”’ which name is 
also applied to the alluvial deposits now situated above the level 
of the streams. Ina general way it can be stated that all the con- 
glomerate and matrix rock deposits at present known were of this 
type at the beginning of operations and it was only by continuing 
the work in depth that the underlying diamond-bearing rock was 
discovered. 


Alluvial Deposits. 


These diamantiferous deposits are found in the beds of the 
streams and their terraces. They were the first to be worked 
and are the ones which up to the present have produced most 
diamonds. They consist of waterworn material, derived from 
the older deposits, which has been transported and concentrated 
by the streams. This material called “ cascalho ” is a recent con- 
glomerate, generally incoherent. 


Conclusion. 


The study of the geology and of the diamond-bearing deposits 
of the northern region of Minas Geraes gives rise to the follow- 
ing conclusion: In the Diamantina district, as a rule, every dia- 
mond-bearing stream has the matrix rock of the diamond at its 
headwaters. Examples are Rio Caetémerim, Corrego de Sao 
Joao, Rio Pardo Grande, Rio Caldeirdes, Rio Guinda and 
Ribeirao de Dattas. 

The Caetémerim has its headwaters at Sao Joao da Chapada, 
Pagao and Campo de Sampaio, at which places, as we have seen, 
there exists the matrix of the diamond. The Corrego de Sao 
Joao rises in Sao Joao da Chapada. Rio Pardo Grande has its 
source at Corrego Novo, where there is a phyllite which is an 
altered eruptive rock; Rio Caldeirdes and Rio Guinda have at 
their sources the diamond-bearing conglomerates of Sopa and 
Guinda resting upon a phyllite identical with that which produces 
diamonds at the Perpetua mine. The Ribeirao de Dattas rises 
near the village of that name, where there is a diamond-bearing 
conglomerate that rests on phyllite. 
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THE MATRIX OF THE DIAMOND. 


In the foregoing pages the mode of occurrence of the diamond- 
bearing rocks has been described. Next, their characteristics and 
probable original nature will be discussed. Until recently it was 
exceedingly difficult to recognize the matrix of the diamond, 
owing to its highly altered character. But field studies show 
that it must be an intrusive rock, in the form of narrow dikes, 
which seldom exceed 20 meters in width. 

The brecciform structure is common and at first suggests a 
voleanic origin for the diamond-bearing material. In the major- 
ity of occurrences, however, (e.g. Perpetua, Pagao) this structure 
is absent, and at Campo de Sampaio and Sao Joao da Chapada, it 
is not characteristic of the whole deposit. In view of the friabil- 
ity of the quartzites, it is a probable conclusion that this brecciated 
structure may be due to intrusive action, rather than to explosive 
volcanic activity. 

The alteration of the diamond-bearing matrix may result in a 
sericitic phyllite or in a sericitic breccia. In either case the mass 
is fine-grained and varies from milky-white to gray in color. 
Owing to the presence of phenocrysts of feldspar now altered to 
sericite, we were enabled in one occurrence, and one only ( Pin- 
heiro), to verify the original texture. In some of the phenocrysts 
the cleavage planes of the feldspar are still to be seen. So vig- 
orous was the lamination of the rock that the phenocrysts were 
crushed and assumed a lenticular form. 

Of the existing accessory minerals, hematite and magnetite are 
the most abundant. They form bands of concentrates whose 
origin must be referred more to metasomatic phenomena than to 
an original concentration of ferrous minerals. Certain zones of 
the matrix rock are completely devoid of iron minerals. Other 
accessory minerals are cyanite, monazite, xenotime, zircon, rutile, 
pyrite, and tourmaline. The relative abundance of these min- 
erals is shown by the following mineralogic analysis of a concen- 
trate obtained from twenty cubic meters of rock from which were 
taken out diamonds weighing over two carats. 
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Sao Joao da Chapada, Diamantina. Average of four analyses of diamond-bearing 
rock. Analysts: D. Guimaraes and D. Penido. 


Although tourmaline occurs in needles and small idiomorphic 
prisms, monazite is rarely whole, occurring, on the contrary, in 
fragments of crystals which, judging by the polished facets which 
remain, were at one time perfect crystals. The fragmentation of 
the monazite took place during the épi-metamorphic process that 
sericitized the original rock. 

The study of metamorphic rocks of eruptive origin begun by 
O. A. Derby has been continued by the writers in a detailed man- 
ner and over 7 wide area. It has been possible to prove that 
basaltic rocks intruded into the Algonkian sediments in the form 
of dikes and sills are now transformed into chlorite-schists, 
chloritic phyllites, tremolite-schists, and diabasic amphibolites. 
At one and the same place (Sao Joao da Chapada, Diamantina ) 
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two types of metamorphic rocks are to be found, diamond-bearing 
phyllitic rock, and chloritic phyllite. In general, the arrangement 
of the micaceous elements of this rock recall the interstitial tex- 
ture or the ophitic texture characteristic of basaltic rocks. 

As regards the matrix of the diamond, except for its local rich- 
ness in hematite, there is nothing suggestive of an original basic 
nature. It is true that in some occurrences (Campo de Sampaio 
Sao Joao da Chapada) the sericitic mass of schistose texture does 
not contain quartz. It must be borne in mind, however, that the 
violent metasomatism to which it was subjected, which caused the 
corrosion of the quartzite and quartzite inclusions in the breccia. 
might have digested all the quartz locally. 

This phenomenon was of such magnitude that the diaman- 
tiferous deposits of Sao Joao da Chapada and Perpetua are criss- 
crossed by quartz veins in which drusy cavities with large and 
perfect crystals are common. Quartz crystals weighing some 
kilograms are not uncommon, and bi-terminal crystals of ten 
grams and more in weight (2 x 20 cm.) are also to be found. 

The tourmaline, hematite and rutile are obviously secondary 
minerals, but the monazite, xenotime and zircon are undoubtedly 
accessory minerals of the original diamond-bearing eruptive rock. 
In view of the absence of any water-worn appearance and the 
presence of perfect crystals with brilliant facets and sharp edges 
(up to 2 mm. in length), the hypothesis of these minerals being 
allothigenic may be set aside. As these minerals are common 
to syenites and granites, the diamond-bearing rock should be re- 
ferred to one or the other of these rock groups. In support of 
this, it is true that in all the diamond-bearing areas studied in 
detail, the metamorphic rocks of basaltic origin do not contain 
diamonds. In a previous publication one of the writers (D. G.) 
advanced the theory that the diamantiferous rock is a variety of 
granite (granulite). This theory appears well founded, since the 
occurrence of quartz within the diamond, or intergrowths of the 
two minerals, is much more frequent than was formerly supposed 

Paragenesis of the Diamond.—Of the minerals that accompany 
the diamond, zircon, monazite, quartz, xenotime, and perhaps 
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magnetite and pyrite, may be considered as primary minerals; 
tourmaline, hematite, rutile, anatase, cyanite, quartz in idio- 
morphic crystals, and probably certain hydrophosphates of rare 
are secondary minerals. In South Africa, apart from 
the constituents of kimberlite, some of the above minerals ac- 
company the diamond and others suggest metamorphism operat- 


earths,” 


ing on a rock of a composition analogous to the diamond-bearing 
rock of Brazil. In the South African matrix there are garnet, 
pyroxene, corundum, cyanite and graphite as metamorphic 
products, whereas, zircon, ilmenite (in part probably the regen- 
eration of the secondary minerals rutile and hematite), and pyrite 
occur as accessory primary minerals. 

Of the original accessory elements, pyrite is apparently one of 
the rarest. Nevertheless at Sao Joao da Chapada are found small 
nodules of limonite, bearing every indication of having been 
derived from pyrite. Boutan* refers to inclusions of pyrite in 
ithe diamond, observed by Cohen, and writes: 

Harting affirme cependant avoir trouvé de la pyrite, et l’on doit prob- 
ablement attribuer encore a ce mineral une inclusion trés nette citée par 
M. Chatrian dans son bel ouvrage sur le diamant, et dont je donne le 
dessin d’aprés lui (fig. 77); on voit qu'elle y parait crystallisée dans le 
systéme régulier. 

Boutan also mentions the occurrence of quartz as an inclusion 
in the diamond, observed by Betzhold. R. J. Colony ** describes 
an intergrowth of quartz and diamond in a specimen from Brazil. 
Recently we studied a similar specimen from the diamond-bearing 
conglomerate deposit of Boa Vista (Diamantina), Minas Geraes. 
While we were examining a parcel’of diamonds from that mine, 
Dr. Frederico Bandeira, Technical Director of the operating 
company, first drew our attention to a stone of 4.21 carats con- 
taining a small white mark. Due to the helpfulness of Dr. 
Bandeira and to the kindness of Dr. Paulo Frontin, president of 
the company, to whom we here tender our thanks, this interesting 
specimen was placed at our disposal for examination. It was 

14 Hussak, E., ‘ The Satellites of the Diamond,” Serv. Geol. e Miner. do Brazil. 


15 Le Diamant, “ Encycl. Chimique, II, 1888. 
16 Amer. Jour. Sci., vol. V, p. 400, 1923. 
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discovered June 25, 1928. The form is octahedral, the faces 
being replaced by small rough pyramids with curved edges result- 
ing from an oscillatory combination of octahedral faces reduced 
to striae and those of the rhombic dodecahedron. The roughness 
of the surface of the crystal and the lengthened depressions trans- 
verse to the edges of combination of the octahedral and dodaca- 
hedral faces, are due in part to the coincidence of growth figures 
on different planes. In fact, in several more developed parts of 
the octahedron (slightly less than 0.5 mm. in width) the charac- 
teristic figures of growth can be observed. Some inclusions oc- 
cupy cracks transverse to the striations. Owing to the combina- 
tion of the two crystalline forms, the edges of the octahedron 
are replaced by curved striated surfaces that connect the two 
adjacent pseudo-pyramidal faces, thus giving the impression of a 
curved rhombic face. The specimen contains innumerable black 
specks and several green spots which give it a pale green tint. 
On one of the curved surfaces, which takes the place of the angle 
of the octahedron, there is a white inclusion more or less rec- 
tangular in shape. Unfortunately the crystal had already been 
treated with hydrofluoric acid, which detached several fragments 
of the inclusion. 

After photographing the specimen (Fig. 12) we endeavored 
to detach a portion of the inclusion with a steel pin. Two 
splinters of 0.14 mm. in diameter were broken off into a glass 
plate. It was determined by the immersion method that the gran- 
ules have the same refractive index as quartz, and the same optical 
properties, i.e., uniaxial, positive. With a good binocular lens 
it was determined that the quartz crystals touch each other with- 
out a break in continuity and that where broken off they leave a 
negative impression in the diamond. Toa depth of about 4 mm. 
the quartz crystals had disappeared, either the effect of transpor- 
tation from their original matrix to the position in which they 
were found in the conglomerate, or more probably, they had been 
eaten away by the hydrofluoric acid. The length, measured from 
the sides of the more or less rectangular cavity, is 2.34 mm. and 
the width 0.72 mm. The quartz crystals still remaining in the 
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depths of the cavity are elongated and placed transversely to the 
longer axis. On the left side and in the lower part of the large 
depression there is a small one (0.10 mm. in width more or less ) 
joined to the former and now empty. Another depression, still 
lower, is 0.1 mm. in width, and still contains quartz. Nearby is 
a third crack, 0.065 mm. in width, containing quartz. In a 





Fic. 12. Diamond crystal with quartz inclusions. Fractures are seen, 
some of which contain quartz. Weight 4.21 carats. This diamond was 
recovered from the Béa Vista conglomerate. Diamantina, Minas Geraes, 
Brazil. 


fourth, the nature of the inclusion cannot accurately be deter- 
mined ; in a fifth the quartz can be distinguished on the right side 
of the crack. ‘This crack is 0.05 mm. in width and is visible for 
a distance of 5 mm. All the visible cracks are octahedral cleav- 
age planes, and adequate illumination shows that the last-men- 
tioned is filled with quartz to a depth of at least 0.5 mm. The 
specimen represents therefore an intergrowth of diamond and 
quartz along the octahedral crystal plane. 

Of the inclusions referred to above, those in the form of black 
specks are also found in the quartz crystals.. The green stains, 
which in the sample studied by R. J. Colony are suggestive of 
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chlorite or serpentine (?) are, in the present case, indeterminable. 
They are, however, common and even universal in certain de- 
posits, although they are generally limited to the external zone of 
the crystal. 

In Fig. 12 also can be seen a cavity with apparently rounded 
sides, which no doubt, was also filled by some mineral. It occurs 
below the large quartz inclusion and slightly to the right of it. 
On the right side of this inclusion can be seen some more or less 
parallel cracks, some of which also contain quartz. 


GENESIS. 


In our opinion the ideas of the origin of the diamond accepted 
at present need reconsideration. 

In view of the newer field and laboratory investigations the 
idea of an ultra-basic magma as the exclusive matrix of the dia- 
mond cannot be maintained. If we compare the admittedly ultra- 
basic diamantiferous rock occurrences throughout the world with 
the total area of ultra-basic rocks, it is evident that the diaman- 
tiferous ultra-basic rock is really an exceptional occurrence. 

The fact that carbon dissolves in molten kimberlite and crystal- 
lizes into diamonds on cooling, seems to offer an enchantingly 
simple solution for the problem of the genesis of that precious 
gem. But unfortunately the geology of the diamond in Brazil 
does not permit of so simple an explanation; on the contrary, it 
suggests some weighty objections to the accepted theory. 

Space will not permit detailed discussion of this question. We 
desire, however, to stress the fact that the intergrowth of the 
diamond with quartz, the transformation of the diamond into 
graphite at 1,000° C. in the space of 24 hours (G. Tammann), 
the absence of graphite in the Brazilian deposits and its presence 
in those of South Africa are facts which, allied with other obser- 
vations, should lead one to seek for a solution of the mineralo- 
genesis of the diamond along other lines. 

We may add that G. Tammann, after studying the zones of the 
existence of the diamond, arrived at the conclusion that the maxi- 
mum temperature at which the diamond could be formed was 
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1,500° but that in this case the pressure would have to be 9,000 
kilograms per square centimeter. 

E. Bauer, taking Roth’s determinations of the difference of 
energy between the diamond and graphite, and Nerst’s figures 
for the difference of volume according to the calorific powers, 
calculated the equilibrium pressure between diamond and graphite 
to be 6,200 kgs. per cm.” for zero temperature (G. Tammann). 

However, Tammann suggests that the pressure necessary, 
theoretically, may be very much reduced as with other substances 
whose conditions of formation are modified by the presence of 
certain compounds (such as that of certain ices in the presence 
of NH,C1). 

Gorceix stressed the importance of titanium in volatile com- 
binations in the formation of the diamond, and, in our opinion, 
in view of the abundance of rutile in most of the matrix deposits 
of Brazil, this is a well founded theory. In fact a close relation 
can be observed between the amount of rutile and anatase in the 
concentrates and the yield of diamonds. The conditions of oc- 
currence in Brazil indicate a temperature for formation of a 
maximum of 870°, while the pressure could not have reached 
3,000 kgs. per sq. cm. 

GEOL. AND MIN. Survey, 

Rio pe JANEIRO, BRAZIL. 
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GENERAL GEOLOGY. 


The following notes summarize the main features of the rock 
formations and ore deposits of the now famous Katanga district 
of the Belgian Congo. The information was gained during the 
geological investigations of the region carried on under the direc- 
tion of the writer for the Comité Special du Katanga. 


Alluvial and Superficial Deposits. 


Alluvial deposits occupy large and continuous areas in the basins 
of the Luapula, Lufira, and Lualaba Rivers and connect with 
narrower, more local belts along the principal affluents of these 
streams. Over the surface of the Kundelungu, Manika and Biano 
highlands, which form the uplands of central Katanga and rise to 
elevations greater than 1500 meters above the sea, lies a discon- 
tinuous mantle of superficial deposits, largely arenaceous, com- 
prising: (1) Strips and smaller residual patches of beds belonging 
to the Lubilash System; (2) formations of post-Lubilash age. 
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Upon the Kundciungu plateau, in the area drained by the 
Lufukwe River, occur silicified, fossiliferous, lacustrine limestones 
of upper Tertiary or possibly Quaternary age. 


Lualaba-Lubilash System. 


Beds of the Lualaba-Lubilash System that retain their original 
horizontal attitude cover the whole of the Congo Basin, and out- 
liers of rocks belonging to the same system occupy large areas in 
the northwest part of the province of Katanga. Other outliers 
occur to the east, in elongated depressions generally parallel with 
Lake Tanganyika. The fossils found in the beds of the Lualaba- 
Lubilash System range from Permian to upper Triassic (Rhaetic). 
The system is divisible into three series. These, from top to bot- 
tom, are as follows: 

Lubilash Series—Principally soft, friable sandstones and 
lenticular conglomerates. Species of the small phyllopod Estheria 
have been found in these beds. 

Lualaba Series.—Essentially red, yellowish, brown, green, black, 
and variegated argillites and shales, in part bituminous, carrying 
fishes and Entomostraca of upper Triassic and lower Jurassic age. 

Lukuga Series.—Sandstones, black shales, and coal measures, 
with a glacial or fluvio-glaciai conglomerate at the base. The 
fossil flora of these beds has been studied by Professor A. Renier, 
who has identified Glossopteris browiana, Brogniart, var. indica, 
Schimper ; Nummulospermum, sp.; Phyllotheca sp. or Schizoneura 
sp.; Noeggerathiopsis cf. Hislopi, Bunbury ; Cyclodendron leslii, 
Seward. Professor Renier regards this flora as closely related 
to the middle Ecca of the Karroo System. 

The beds of the Lualaba-Lubilash System were deposited on a 
well peneplained surface and rest unconformably upon the under- 
lying rocks. This peneplanation was accomplished during the 
long period of erosion that intervened between the deposition of 
the Kundelungu Series and the beginning of Lualaba-Lubilash 
deposition. The Lualaba-Lubilash deposits are of continental 
type and are the equivalent of the Karroo System of South Africa. 
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Kundelungu and Schisto-dolomitique Systems. 


As the post-Archean beds making up the systems older than the 
Lualaba-Lubilash System are unfossiliferous, their positions in the 
general stratigraphic column are not determinable. All that can 
be said is that they are older than the Permian. They comprise 
two systems which, in descending order, are, the Kundelungu Sys- 
tem, and the Schisto-dolomitique System. 

The constitution of these two systems is shown in Table I, the 


divisions being arranged from top to bottom in the order of in- 
creasing age: 
TABLE I. 
KUNDELUNGU AND SCHISTO-DOLOMITIQUE SYSTEMS 
P P ; 
| I. Sandstones ie 
(1000-1500 m. 
2. Arenaceous shales > 
Upper Series « 3. Calcareous shales (300-500 m.) 
4. Pink limestone (10-20 m.) 
Kundelungu ) 5. The petit conglomerate (10-30 m.) 
System 
1. Arenaceous limestones (300-500 m.) 
| a 2. Calcareous shales (200-1000 m.) 
| Lower Series fs : / 
3. Katontwe limestone (100-200 m.) 
4. The grand conglomerate (tillite (350 m.) 
( Central region Border region 
| Shales and calcareous | Feldspathic quartzit 
| shale (100-500 m.) | and shales, including 
coe | Black pyritic shale (100 | _ black shale 
Shaly-cherty | a P! . 
fas -) 
Series pore : 
: Silicified horizon (10 
ye kc (Mwashia) {| tong cas : 
Schisto-dolomiti- 100 m.) Cherty o@lite, with 
que System Cherty o@dlite, with specularite 


\ specularite 


{ Dolomitic shales; dolo- 
mite, with shales, con- 
glomerates, and feld- 
spathic quartzites 


Dolomitic shales and 
dolomite (500-600 
m.) 


Dolomitic 
Series 


The sedimentary beds of the Kundelungu and Schisto-dolo- 
mitique Systems rest uncomformably on the old beds of the base- 
ment. 

Cristallophyllien and Kibara Systems. 

Fundamental Platform.—These fundamental rocks at their 
bases consist of the Cristallophyllien system, composed of mica 
schists, gneisses, several quartzites, ferro-magnesian rocks, and 
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batholithic granitic intrusives, which in places grade into gneissic 
granite and gneiss. In some localities, the intrusive granitic 
masses, with associated pegmatites, have displaced or assimilated 
the ancient sedimentary rocks known as the Kibara System. 

Kibara System.—This group of rocks lies on top of the Cris- 
tallophyllien System. It is composed of conglomerates, shales, 
phyllites, black carbonaceous pyritic shales, and grayish blue lime- 
stones and dolomites. 

Structure. 


Such sedimentary rocks as are involved in the Archean plat- 
form are everywhere strongly folded. As these beds are resistant 
to erosion, the folds are expressed topographically as successions 
of nearly parallel strike ridges. Further tectonic disturbances 
took place at the close of the Kundelungu period. They were 
characterized by lateral compression, intense and very intricate 
folding, reverse faulting, and overthrusts. In southern Katanga, 
the general effect of these movements was to produce a curved 
uplift of folded and faulted beds. In general, this uplift extends 
in a northwesterly direction from the vicinity of Sakania, on the 
Northern Rhodesian border, past Elisabethville and Likasi, and 
thence swings westward. It is along this uplift that the great 
copper deposits of the Belgian Congo are distributed. 

Aiter the post-Kundelungu folding and faulting, followed a 
long period of erosion during which was formed the peneplain 
upon which the beds of the Lualaba-Lubilash series were deposited. 

Later, the region was dislocated by faulting, with the formation 
of rift valleys or grabens, such as those of Tanganyika and 
Kamolondo. 

Age Relationships. 

The upper part of the general stratigraphic column referred to 
above as the Lualaba-Lubilash system, established long ago by 
M. Jules Cornet, is now definitely known by means of fossils to be 
of Permo-Triassic-Rhaetic Age. 

The Kundelungu and Schisto-dolomitique systems, although 
without fossils, are also fairly definitely placed. The systematic 
studies carried on in the Katanga from 1920 to 1928, by the 
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geographical and geological service of the “ Comité Spécial du 
Katanga” in collaboration with the geological service of the 
‘Union Miniere’”’ have enabled definite correlation of the hori- 
zontal beds of the Kundelungu system in the North of the Katanga 
and those of the folded area of the Meridional Katanga. These 
studies have given rise to the detailed separations shown in Table 
I. This column, used by us in the Katanga since 1923, has proved 
dependable, notwithstanding the absence of fossils, in the area of 
the Katanga. 

The work of Anton Gray * proves that our stratigraphic column, 
when carried into Rhodesia, gives excellent results. Dr. Gray 
recognizes in Rhodesia, even in detail, the series and beds of our 
Kundelungu and Schisto-dolomitique systems of the Katanga. 

In the Katanga, the lower part of the Schisto-dolomitique 
system (of which the Série des Mines is only a silicified horizon) 
appears only in the anticlines, and its base has not been completely 
observed. 

The studies in Rhodesia permit our column to be extended 
downwards; the Roan system of Rhodesia represents the lower 
part of the Schisto-dolomitique system, which appears only in 
part in Katanga. 

The inferior group, consisting of the Cristallophyllien and the 
Kibara systems, has not been sufficiently studied to establish its 


2 


oe 
ge. 


ORE DEPOSITION. 


Stages of Mineralization—tThe origin of the copper deposits 
of Katanga constitutes a complex problem which will require many 
additional observations before a satisfactory solution can be 
reached. Various hypotheses have been offered which differ in 
many respects, although most of them contain some elements of 
truth. The present attempt to construct from available informa- 
tion a consistent hypothesis of origin recognizes the following 
stages or types of mineralization : 

1 The Correlation of the Ore-bearing Sediments of the Katanga and Rhodesian 
Copper Belt. Econ. GEoL., vol. 25, pp. 783-804, Dec., 1930. 
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(4. Deep-seated mineralization by impregnation. 

‘B. Vein deposition. 
2. Mineralization by oxidation and supergene enrichment. 
3. Syngenetic sedimentary deposition. 

Each of these stages or processes will now be discussed briefly, 
with the citation of examples. 

Deep-seated Mineralization by Impregnation.—The first, or 
deep-seated, mineralization in Katanga must have begun during 
the formation of the earliest folds in Kundelungu time and have 
been completed before the end of the intricate folding and fault- 
ing which gave rise to the curved uplift of southern Katanga. 
The rocks were extensively permeated by ore-bearing solutions 
and the sulphides of copper and iron were deposited by replace- 
ment of other minerals, particularly along certain horizons in the 
lower or dolomitic series of the Schisto-dolomitique system. The 
solutions are believed to have been of magmatic origin. 

The deposits of this first period of mineralization, as brought 
within the range of observation by upthrust wedges or slices in 
the intricately folded and faulted structure of southern Katanga, 
are generally of too low tenor in copper to be workable. Their 
principal economic significance at present lies in the fact that by 
enrichment and secondary concentration they have given rise to 
most of the large copper deposits that are being worked in the 
Belgian Congo at the present time. 

Vein Deposition.—At the close of the great final folding which 
affected the beds of the Kundelungu System, there was a period 
of mineralization during which the ore-bearing solutions traversed 
fissures that cut through the Kundelungu beds. This period 
probably followed the first uninterruptedly. 

The ores of the vein-forming period carry chalcopyrite, with 
pyrite, sphalerite, and galena. To this period also belong the 
uranium deposits of Kasolo and Luiswishi. <A part of the Kam- 
bove deposit also, where traces of sphalerite have been found, 
probably was formed during this period. In some of the lime- 
stone cut by the veins, magnesite (giobertite) has been formed by 
hydrothermal action, and monazite has been reported by Professor 
Schoep. 
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The mineralization of this period was probably effected at a 
lower temperature or greater distance from the magmatic source 
than that of the first period, as indicated by the occurrence of lead 
and zinc. 

The most typical occurrence of this group is the Kipushi deposit 
(Prince Leopold Mine), situated close to the Northern Rhodesian 
border, west of Elisabethville. Here the ore bodies, in the 
Kakontwe limestone, of the lower Kundelungu, are enlargements, 
by replacement, of fissure veins. Probably belonging to this same 
period of mineralization are small veins of chalcocite in limestone 
at the Lenoir quarry, near Fungurume. 

Evidently, deposition during this second period of hypogene 
mineralization may, under favorable conditions, have enriched the 
deposits formed during the first period of mineralization. It is 
thus possible that, in the intensely folded zones of southern 
Katanga, important sulphide deposits may be found in which the 
later mineralization, characterized by the presence of lead and zinc, 
has been superimposed on the low-grade mineralization of the first 
period. 

Mineralization by Oxidation and Supergene Enrichment.—The 
hypogene deposits of the first and second periods have been greatly 
modified by oxidation, enrichment, and migration. Not only have 
originally lean masses been enriched to form the great bodies of 
oxidized ore but copper has been carried by solution into rocks not 
criginally mineralized. 

Characteristic minerals of the zones of oxidation and enrich- 
ment are malachite, chrysocolla, cuprite, melaconite, cornetite, 
brochantite, liebethenite, heterogenite, chalcocite, linnaeite, bornite, 
and occasionally a little chalcopyrite, especially in the deeper zones. 

In the folded region of the southern Katanga, these oxidized 
enriched ores occur in anticlinal wedges and slices of the more or 
less silicified and dolomitized limestones and calcareous shales of 
the Schisto-dolomitique system, which, prior to the folding and 
faulting, had undergone the deep-seated mineralization by im- 
pregnation, of the first period. These mineralized masses of 
strata, wedged into the anticlines, are generally separated from 
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other similar masses and from the underlying beds, containing 
deposits of the first period of mineralization, by unmineralized 
fault breccias. Their enrichment is largely due to the descent 
of copper-bearing solutions from parts of the masses which have 
been removed by erosion. 

The deep oxidation and enrichment of the Katanga copper ores 
indicate the former existence of a water-table much deeper than 
that of the present. Solution cavities found in the limestones, 
found far below present water-level, point to the same conclusion. 
Such lower water-table must have been coincident with a period 
when the region had a much dryer climate than that now 
prevailing. 

If, as appears fairly certain, the Katanga copper-ore bodies 
represent masses that have been torn, by faulting, from a former 
connection with the silicified and mineralized bodies of the first 
period of mineralization, and then enriched, it may be concluded 
that large masses of rock affected by the mineralization of the first 
period are present at greater depth. Such material, however, is 
probably of rather low grade. 

Syngenetic Sedimentary Deposits —On the Kundelungu plateau 
there may be observed at various localities, as, for example, at 
Sampwe, Lofoi, and Lukafu, outcrops of beds in which certain 
layers or horizons, up to 10 centimeters in thickness, carry 
malachite and azurite. In some of the sandstones, particular 
layers are mottled with grains or small bunches of chalcocite. 
These mineralized horizons are confined to the upper series of the 
Kundelungu and intercalated between the beds of argillaceous and 
arenaceous shales which underlie the thick-bedded feldspathic 
sandstones at the top of the series. In the Gombela-Katete region, 
one of these mineralized zones, up to a meter in thickness, oc- 
curs within the greenish gray, calcareous shale of the upper 
Kundelungu. 

In northern Katanga the Kundelungu beds, with their min- 
eralized horizons, are practically horizontal. In the Gombela- 
Katete highlands, however, they are folded. 

The mineralized zones in the upper Kundelungu are believed 
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to be of sedimentary origin and syngenetic, the copper having been 
derived from the disintegration of deposits formed during the first 
period of deep-seated mineralization. These older deposits had 
been exposed in part, by erosion, and were undergoing oxidation 
before the deposition of the upper series of the Kundelungu. 


PROFESSOR AT THE 
UNIVERSITY OF BRUSSELS. 














DISCUSSION AND COMMUNICATIONS 





THE ORIGIN OF CHROMITE. 


Sir: Mr. Keep in his communication on the “ Origin of Chro- 
mite,” in this JOURNAL,” devotes most of his discussion to the 
paper by Doctor Sampson, and considers only one of the several 
significant relationships of the North Carolina deposits that were 
discussed by the writer in his paper “Is Chromite Always a 
Magmatic Segregation Product?’ * However, he raises two 
points that perhaps merit consideration in connection with the 
evidences of origin presented by the North Carolina dunite bodies 
and the chromite associated with them. 

(Mr. Keep ventures the suggestion that the shearing in the 
dunite followed the formation of chromite and was localized 
along the contact between dunite and chromite. Both olivine and 
chromite are relatively hard minerals, but a sharp contact between 
a distinct lens of chromite and olivine might localize shearing in 
the dunite; however, there is no such contact in the Webster, 
North Carolina, deposits. The chromite occurs in numerous 
narrow bands, most of which are only a millimeter wide and 
few of which are more than 2 or 3 centimeters wide. The wider 
bands grade gradually into olivine and so there is not a chromite- 
olivine contact, but only a zone in the dunite that has been enriched 
in chromite. As would be expected from these relationships 
there is no evidence that shearing has been localized on contacts. 
Most of the chromite is euhedral and shows no evidence of 
shearing. 

Mr. Keep says, “ The association of the chromite and of the 
stated secondary hydrothermal minerals (many of which are 


1 Published by permission of the Acting Director of the United States Geologi- 
cal Survey. 
2 Keep, F. E.: Econ. Geor., vol. 25, pp. 219-221, 1930. 


3 Econ. Geot., vol. 24, pp. 641-645, 1920. 
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formed principally by dynamic metamorphism in the presence of 
heated waters and vapors)... .” The minerals listed are ac- 
tinolite, talc, anthophyllite, kammererite, and diallage, a group 
of minerals that are not formed principally. by dynamic meta- 
morphism, but are typically hydrothermal in character and were 
not formed under stress. There are other shear zones in the 
dunite of this locality that do not contain chromite and in these 
the hydrothermal minerals listed are absent and the only dynamic 
effect is crushing of the olivine. Here serpentinization has gone 
a little farther than in uncrushed dunite but that is all. Where 
chromite is absent secondary minerals are also absent and so 
dynamic processes have not promoted their formation. Chromite 
is also sparsely disseminated in unsheared dunite, and here it is 
associated with secondary minerals but without shearing. Thus 
Mr. Keep is mistaken in his interpretation of the paragenesis of 
these minerals. Gregory * describes the common association of 
chromite deposits with shearing in the inclosing rocks, and recog- 
nizes that the chromite is later than the shearing. 

Certain of the North Carolina dunite deposits show relation- 
ships that present evidence which has a significant bearing on 
the theory that the chromite and olivine were segregated and 
introduced in a molten condition. It is also imperative to con- 
sider some of the physico-chemical problems presented by such 
a theory. 

The temperature of dry fusion of both olivine and chromite is 
excessively high. Pure fosterite melts at 1890 + 30, and a high 
magnesian olivine containing about 90 per cent. fosterite as in the 
North Carolina dunites would probably melt at about 50 to 100° * 
lower, or about 1,800°. Chromite melts at 2,000° C. or over. 
Experiments conducted at the Bureau of Standards *® give tem- 
peratures of fusion of chromite as 2,180°. If olivine and chro- 
mite were introduced as a melt of two distinct fractions, the tem- 
perature of the olivine melt would have to be high enough to 
prevent chilling and crystallization of the chromite, that is as high 


Gregory, J. W.: The Elements of Economic Geology, p. 151, London, 1928. 
5 Merwin, H. E.: Personal communication. 
6 Kanolt, C. W.: Am. Electro. Chem. Soc. Trans., vol. 22, p. 107, 1913. 
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or higher than the fusion point of chromite. Therefore such 
melts if dry would have a temperature of about 2,000° centigrade 
or more. Melts of such excessively high temperature could not 
be intruded and fail to show profound pyrogenic contact-meta- 
morphic effects on the inclosing rocks, and nearly all rock-forming 
minerals would melt at such a temperature. 

It will be suggested that the presence of water and other min- 
eralizers may reduce the temperature of final crystallization. 
The dunite-forming material, no doubt, contained some water 
and if it existed in the form of a melt, this would reduce the 
temperature of fusion below that of dry melts. However, it 
seems unbelievable that water could be present in sufficient amount 
to reduce the temperature of fusion to the degree demanded by 
the relations of the dunite to its wall rocks; in fact it would imply 
so high a content of mineralizers that it would be more analogous 
to a hydrothermal solution than the magma postulated by Keep. 

Water and other mineralizers are commonly concentrated in 
the late silica-alkali-rich fractions of a silicate melt, but they are 
commonly sparse in the ferro-magnesian-rich fractions. Bowen‘ 
says, 

The bodies of ilmenite associated with anorthosite, of chromite asso- 
ciated with peridotite and similar masses of ore minerals in other 
associations have led many investigators to believe in the injection of 
liquid of the composition of these bodies. When one objects to such 
a conclusion on the basis of the excessively high temperatures neces- 
sarily involved, the question is often asked, “ But could you not have 
such liquids with enough volatile components to lower their tempera- 
tures of consolidation to a reasonable value?” The only answer is, 
‘Probably you could,’ but the question is beside the issue. The appro- 
priate question is not, “ Are such liquids possible?” but rather, “ Have 
such liquids any possible provenance in Nature?” None has ever been 
suggested. Certain magmas such as the highly silicic or highly alkalic 
are, in virtue of their character as residual liquids, the natural home 
of concentration of volatiles. But the oxide ore bodies, like the ultra- 
basic rocks, are a very unnatural place to expect concentration of 
volatiles. It is probable that not all masses of the oxide ores are 
crystal accumulations. Some are perhaps the result of a secondary 
rearrangement of the rock materials by circulating solutions, but that 


7 Bowen, N. L.: The Evolution of Igneous Rocks, p. 172, 1928. 
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any of them are the result of the injection of a molten magma, even 
a “ wet” magma, is exceedingly unlikely. 

The dunites of North Carolina are commonly bounded by a 
2 inch zone of the typically hydrothermal minerals, anthophyllite, 
tremolite and talc. Outside of this the schist is almost normal 
in character, although it may contain locally a little biotite; but 
it fails to show significant metamorphism, and certainly no pyro- 
genic metamorphism. No minerals of high-temperature type 
were formed and no fusion of the inclosing schists occurred. 
There may be a question as to whether this zone of contact min- 
erals was formed at the time the dunite was introduced, or later, 
but in neither case would the 2-inch border zone described en- 
tirely obliterate the profound pyrogenic contact effect that would 
be produced by magmas hotter than almost any others that have 
been postulated. Quartz inverts to tridymite at a temperature 
of 870°, but the absence of tridymite or of quartz that could 
have reinverted from tridymite and the presence of unchanged 
and unrecrystallized quartz of the schists in almost immediate 
contact with dunite show that no such temperature was reached. 
It seems quite impossible to assume the presence of water in an 
olivine or chromite melt in amounts sufficient to reduce the tem- 
perature of fusion from at least 2,000° to well below 870°. 

If olivine and chromite magmas were introduced at a tempera- 
ture high enough to maintain liquidity of the chromite, the olivine 
would have several hundred degrees of superheat (i.e., heat above 
that necessary to keep the olivine liquid). If such a superheated 
and highly sub-silicic magma were brought into contact with 
quartz of the inclosing schists there would be profound assimila- 
tion of the quartz schist, and the border of the dunite would be 
greatly enriched in silica. This would result in the formation 
of large amounts of pyroxene under the pyrogenic conditions 
that would result from such an intrusion. We find, however, 
only this two-inch zone of amphiboles and talc that are formed 
only at much lower temperatures and in the presence of miner- 
alizers. ; 

The dunites are moderately coarse-grained rocks, and the oli- 
vine grains of the Balsam Gap dunite average about 1.5 milli- 
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meters in diameter. The size of grain is uniform throughout 
the body and persists without change up to the very contact with 
the inclosing rock. Thus there is a complete absence of the 
chilled borders that are characteristic of small but hot intrusive 
bodies. 

If dunite magma carried an excessive amount of water, as 
would be necessary to reduce the temperature to any reasonable 
figure, this water would be expelled during crystallization and 
would carry with it some of the materials of the magma. This 
would deposit new minerals in the contiguous rocks, but such 
minerals form only a 2-inch border around the dunite, and so 
are much less abundant than would be expected from the expul- 
sion of so large an amount of water. 

Bowen has studied many dunite bodies in the field, including 
those of Skye and the related peridotites, and has also considered 
the problem of their formation from the evidence presented by 
the phase relation of silicate melts, and recognizes the inadequacy 
of any theory that postulates their introduction as melts. He has 
proposed the theory * that they are introduced as a mush of 
olivine crystals with only a minimum of interstitial liquid. 

The writer tried not to take a dogmatic attitude in the original 
paper on the origin of chromite and does not care to do so now. 
However, it seems to be definitely established that at least part of 
the chromite in the North Carolina deposits is later than the 
olivine of the dunite; that it was not introduced at excessively 
high temperatures ; and that it is associated with a group of sec- 
ondary minerals of hydrothermal rather than pyrogenic origin. 
This leads rather definitely to the conclusion that at least part of 
the chromite has had a hydrothermal origin. 

In any consideration of the origin of chromite, several theories 
of genesis must be considered. Some of these are: crystal settling 
in a magma chamber and subsequent intrusion as a mush of 
crystals; crystal settling after intrusion; intrusion as a single 
magma and segregation in place of the early products of crys- 
tallization; intrusion as melts of olivine and chromite that segre- 


8 Bowen, N. L.: Op. cit., pp. 155-159, 1928. 
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gated in the parent magma chamber; and introduction by hydro- 
thermal solutions. 

The evidence presented by the North Carolina deposits indicates 
very conclusively that, of all these possible modes of origin, the 
one that postulates segregated melts of olivine and chromite is 
the most improbable, in fact it seems evident that this mode of 
origin can be excluded with a considerable degree of certainty. 

U. S. GEoLocicaL SURVEY, 

WasHincton, D. C. 
CLARENCE S. Ross. 


A POLARIZING VERTICAL ILLUMINATOR FOR 
MINERALOGRAPHY. 


Sir: I have been using a polarizing vertical illuminator in place 
of the usual vertical illuminator and nicol prism for the deter- 
mination of anisotropism of opaque minerals. The new arrange- 
ment has sufficient advantages to merit a brief communication. 

A total-reflecting prism (or mirror) vertical illuminator is 
ordinarily used with polarized light because it gives more intense 
illuminaticn than the plane-glass (film) type. The prism, how- 
ever, cuts off half the aperture of the objective and introduces 
several undesirable effects. The definition falls off on the side 
away from the prism, as is especially noticeable in photo- 
micrography. With polarized light, the fact that the rays are 
inclined to the normal to the surface and some of them are ab- 
sorbed by the prism, introduces secondary effects that may be 
mistaken for “anisotropism.” The disturbing effects are in- 
creased if a contrast device such as the Wright bi-quartz wedge- 
plate is used. If the surface of the specimen is not mounted ac- 
curately normal to the line of collimation of the microscope, an 
isotropic specimen may change shade twice as the stage is turned 
through one revolution, due to some of the more obliquely in- 
cident light being absorbed by the prism or mounting of the 
objective. For these reasons I have given up using the prism 

illuminator with polarized light. 

The plane-glass illuminator does not reflect sufficient light 
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downward on the mineral surface to detect slight anisotropisin 
with a light source of reasonable intensity. However, the film 
illuminator is theoretically better than the total-reflecting devices, 
because it fills the back component with light, and the full aperture 
of the lens is available. On the other hand, the polarized beam 
reflected by the prism illuminator passes through the edge of the 
objective where the greatest depolarizing effect occurs due to the 
steeply inclined glass surfaces, but with the film, it passes through 
all parts of the objective. Inasmuch as the glass surfaces are 
normal to the line of collimation along the axis of the lens, the 
plane of polarization is not rotated. Also, along narrow zones 
extending outward from the center, parallel to the vibration 
directions of the polarizer and analyzer, the plane of polarization 
is not appreciably rotated. These zones of zero rotation of the 
plane of polarization correspond to the black cross seen in the 
back of the objective when using it in a conoscopic system without 
a mineral on the stage. The amount of depolarization varies 
with the objective and increases with the power. It is much 
greater in the apochromatic type than in the achromatic type 
with fewer component lenses. For this reason, the apochromatic 
objectives recommended by some makers for mineralographic 
investigation do not give good results with polarized light. 

The nicol prisms ordinarily used as polarizers with vertical 
illuminators are about 6 mm. square and tend to cause a shadow 
along the edge of the field when the contrast device is used or, 
with some objectives, with crossed nicols alone. Joly’ sug- 
gested a modification of the plane-glass vertical illuminator for 
use with his method of doubling the interference effects of feebly 
anisotropic sections of transparent minerals in petrography. He 
reflected a polarized beam of light by a vertical illuminator 
through the thin section lying on a polished plate of speculum 
metal. The light was reflected back up, and thus passed twice 
through the mineral, doubling the interference color. His modi- 
fication is to mount the film at 33° as shown in Fig. 1, instead 
of 45° to the vertical axis, and reflect the light from it down 


1 Joly, J.: An Improved Polarizing Vertical Illuminator. Sci. Pr. Roy. Dublin 
Soc., X., No. 1, 1903. 
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through the objective. Brewster's law states that when ordinary 


light is reflected from a plane glass surface, it is partially plane 
polarized parallel to the plane of incidence and that the amount 
of polarization is a maximum when the tangent of the angle 
of incidence is the index of refraction of the glass. Ii a thin 
cover-glass of index of refraction 1.520 is selected, the angle of 
maximum polarization is 56° 40’. If the film is placed in the 
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A B Cc 
Fic. 1. A. Path of light through an achromatic lens system with a 


prism illuminator (after Schneiderhodhn). B. Part of lens system avail- 
able for illumination, with film illuminator in conventional position. C. 
Same, with the polarizing modification. 


illuminator and inclined at 33° 20’ to the line of collimation, and 
a beam of ordinary light is reflected from it down to the surface 
and back to the eye, the light is partially plane-polarized parallel 
to the plane of incidence. 

In attempting to use Joly’s modification to determine the 
anisotropism of metallic substances, it was found that the inside 
of the illuminator became filled with stray light that caused a flare 
over the field and veiled the anisotropic effects. The modification 
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shown in Fig. 2 was made.* It consists of a hollow brass shell 
containing a piece of cover glass one inch by one half inch, which 
can be rotated about a horizontal axis in the middle of the long 
side from the conventional position, 45° to the vertical axis, to 
33° 20’ position. A collimating tube two inches long and three 
eighths of an inch inside diameter rotates about the same axis 














Fic. 2. Polarizing illuminator on Zeiss Microscope. The film is in 
the 33° 20’ position and the collimator inclined. Slot is to insert plane 
glass. 


as the cover glass. A hood attached makes a light-tight joint 
with the curved front of the illuminator. The tube may be 
rotated from the horizontal position to make an angle of 60° with 
the vertical axis and may be held in any position by a nut on the 
opposite side from the milled knob controlling the film. The 
entire inside of the apparatus is blackened. 

If the plane glass is set to the 45° position, the apparatus is the 
ordinary film illuminator and the beam of reflected light is only 
slightly polarized ; however, if the film is inclined 33° 20’ and the 
collimating tube accordingly adjusted, the back component of 
the objective is filled with a beam of light that is more completely 


2 This was made by H. T. Pye of the Physics Department of McGill University, 
and cost $15. 
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plane-polarized. If completely polarized light is essential, a nicol 
prism may be placed in front of the collimating tube with its 
vibration direction parallel to the plane of incidence. The nicol 
should be square-ended and at least three eighths inch in diameter. 
[f an oblique-ended nicol is used, it should be larger. 

By the use of this illuminator, the polarizer does not need 
adjustment, and the polarized light is uniform over the field 
of the microscope, even if the specimen is not accurately mounted. 
Furthermore, anisotropism may be detected by the use of a 
relatively feeble light source such as the ordinary boxlamp used 
for petrographic illumination or the small lamp used for visual 
observation with the mineralographic microscope. 

I have used this device with a contrast device and with crossed 
nicols alone. The field is uniform and free from shadow. I 
have found the Bertrand ocular particularly useful for measuring 
the rotation of the plane of polarization when using this polarizing 
vertical illuminator. The comparison of color differences of 
adjacent quadrants, in my opinion, affords a more delicate test 
than the comparison of adjacent halves of the Wright bi-quartz 
wedge-plate. 

The rotation of the plane of polarization is ordinarily measured 
by a cap nicol, which, in most instruments, reads only to degrees. 
The addition of a vernier would increase the accuracy of the 
determination very considerably. I have left the cap nicol in 
the crossed position and rotated an inclined film of glass about 
a vertical axis to compensate the rotation introduced by the 
specimen. Fresnel* has shown that when the azimuth of the 
glass film (corresponding to the strike of a plane) as measured 
from the vibration direction of the polarized beam is zero or 
ninety degrees, an inclined glass film does not rotate the plane of 
polarization. The rotation is a maximum at an azimuth angle 
of 45°. The film may be set so that an azimuth rotation of 45° 
corresponds to a rotation of the plane of polarization of 5° and 
since the azimuth may be easily read to a degree, small differences 

3 Fresnel, G.: Oeuvres Complétes, 1866. Quoted by Wright, Jour. Wash. Ac. 


Sci., 4, p. 301, 1914. 
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in the amount of rotation of the plane of polarization may be 
determined. 

The illuminator is placed on a microscope, in which the analyser 
rotates with a divided quadrant. The nicol prism is replaced by 
a glass film making an angle of 45° to 60° with the vertical axis 
and in such a position that the azimuth angle is zero when the 
quadrant reads zero. If the nicols are accurately crossed and an 
anisotropic mineral is placed on the stage, it is possible to restore 
the quadrants of the Bertrand ocular to a nearly uniform color by 
rotating the glass film toward the 45° position. The compensa- 
tion may not be complete with colored minerals because they 
rotate the plane of polarization different amounts for different 
wave lengths, whereas the rotation induced by the film is almost 
constant for all wave lengths. 

Fresnel’s equation for the rotation of the plane of polarization 
by a thin glass plate allows the rotation of the plane of polariza- 
tion to be calculated for any azimuth angle and for any inclination. 
The disturbing effects introduced by the thickness of the glass 
plate and the difficulty of measuring the inclination of the film 
make it easier to calibrate the device against the rotation of the 
cap nicol. By rotating the nicol a degree at a time it is possible 
to plot a curve showing the rotation of the film for each degree 
rotation. The method of rotating the film about the vertical axis 
is more easily applied to the microscope than the rotation about 
the horizontal axis used by Koenigsberger, and is more accurate 
than the cap nicol. 

F. F. Osporne. 

McGiiut UNIVERsITy, 

MONTREAL, CANADA. 
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Determination of the Opaque Minerals. By C. Mason Farnuam. 
Pp. 236-+-vii. McGraw-Hill Book Co. New York, 1931. Price. 
$3.50. 

Farnham’s book on the opaque minerals is, as its title indicates, a 
manual for the determination of the opaque minerals, although it con- 
tains much information of general interest. Other authors who have 
entered this field are Murdoch, 1916; Davy and Farnham, 1920; Schneid- 
erhohn, 1922; Short, 1929, 1930; and Schneiderhéhn and Ramdohr, 1931. 
Each of these publications has certain distinctive and valuable features. 
Murdoch and Davy-Farnham are distinctive because of their systems of 
subdivision of the determination tables, Murdoch basing his primarily 
on color and hardness, and Davy-Farnham on etching tests alone. 
Schneiderhoéhn gave valuable contributions to technique and full descrip- 
tions of a few minerals, but the determinative aspect was not emphasized. 
Short’s main contributions were the subdivision of his classification on 
the basis of hardness, behavior in polarized light, and etching tests, in 
order named, and a thorough rechecking of the etching tests on material 
carefully studied with the full use of microchemistry. Schneiderhohn 
and Ramdohr have put the mineralogy of the metallic minerals on a new 
basis ; but their exhaustive treatise is a book of reference and not a system 
of determinative tables. The following summarizes the determinative 
systems: 


Author Properties and etching reagents used for classification 
Murdoch. . .Color Hardness HNO; In variable order Aq. Reg., KCN, HC], KOH 
Davy- 
Farnham. HNO; HCl KCN FeC!s 
Short......Hardness Polarized HNO; HCl KCN FeC1; 
light 
Farnham... HNOs KCN HCl FeCl KOH HgCle 


It will be seen that Farnham follows essentially the system of Davy 
of 


the 
LIC 


and Farnham, although the present book is not a new edition 
former, but is a “first edition.” The justification for this is the com- 
plete revision of the data included. The results of the etching tests are 
restated more fully, and brief notes on the origin of the minerals are 
given, and references to outstanding papers are given at the end of each 
description. All the minerals have been examined with polarized light 
and the results listed under each mineral. 


Sey 
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In detail, the book has some serious shortcomings. The section on 
polishing is somewhat inadequate. The description and explanation of 
the phenomena observed with polarized light is unsatisfactory and con- 
tains some misstatements, such as “to correct for elliptical polarization, 
one of the Nicols, usually the analyzer, is revolved from 4 to 7 deg. away 
from the position of crossed Nicols.” A table gives the internal reflec- 
tions observed in some minerals; but the author fails to state that the 
best way of observing the internal reflections is with crossed nicols. 
Another table lists the reflectivity, as determined by Fink with the 
Schneiderhohn-Berek slit-photometer, but no explanation is given. “ Mi- 
crochemistry,” as distinguished from etching, receives no attention. An 
important feature of the book is a bibliography of 36 entries on “ Tech- 
nique ” and III entries on the “ Description and Identification of Opaque 
Minerals,” which latter list includes many papers on origin of minerals. 
Although admittedly a matter of opinion, it seems to the reviewer that 
there are some conspicuous omissions from such a full list. 

In the formulas given for the minerals, the author states that he has 
followed those given in the classifications of Wherry and Foshag. In 
stating the formulas, Farnham has not followed the system of these 
authors in giving the composition as ratios of radicals, but gives the 
combined formulas. This procedure may be more satisfying to the 
minds of some chemists, but hardly to most geologists, who, the reviewer 
believes, can best keep the distinction between chemically similar minerals 
in mind if the formulas are stated after the manner of Wherry and 
Foshag. Finally, it is to be noted that a number of formulas are in 
error, either through the author not availing himself of the latest material 
or through oversight. The formula for tetrahedrite is given for tetra- 
dymite in the tables. Sylvanite is (Au, Ag)Te, or AuTe,-AgTe,, and 
not AuAgTe,. The following are also in error: Huntilite (an inter- 
growth), Zinkenite, Galenobismutite, Freieslebenite, Luzonite, Lillianite, 
Psilomelane( ?), Wittichenite, Andorite, Guanajuatite, and Leucopyrite. 
Allopalladium and Iridosmine are improperly relegated to ‘“ Doubtful 
Minerals and Mixtures,” and Acanthite is not to be dismissed as “ dis- 
torted argentite.” 

In conclusion, Farnham’s book is the fullest book on the mineralogy 
of the metallic minerals available in English up to the time of publication; 
it contains a revision of the Davy-Farnham determinative table, which in 
the reviewer’s opinion would be better if it made diagnostic use of 
polarized light; it contains valuable auxiliary tables; and in the descrip- 
tions of minerals it contains much useful information. 

EpwWArD SAMPSON. 

PRINCETON UNIVERSITY, 

Princeton, NEw JERSEY. 
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Physics of the Earth: II. The Figure of the Earth. A collection of 
short papers, written by leading scientific men in several branches of 
geophysics, and treating of the size and shape of the Earth. Pp. 286, 
illus. Bull. 78, National Research Council, Washington, D. C., 1931. 
Price, $3.50. 


This is the first report of the Committee entrusted with the preparation 
of a series of bulletins on the physics of the Earth, the purpose of which 
is to give the reader, presumably a scientist, but not a specialist, an idea 
of the present status of our knowledge of the subject and a forward- 
looking summary of its outstanding problems. Other bulletins will deal 
with seismology, magnetism, the age of the Earth, its internal constitution, 
etc. The present volume treats of the Earth’s shape, isostasy, ocean 
and earth tides, and variations in latitude. Each subject is handled by 
specialists in its various phases in a thoroughly scientific but not too 
technical manner. Knowledge on each subject is brought to date, with 
the result that our ignorance concerning the causes of most of the 
phenomena discussed is made very evident. The contents of the book 
furnish an excellent summary of present theories that have been pro- 
posed to account for the phenomena, and afford excellent starting points 
for the construction of new theories. Each chapter is complete in itself 
and to each is appended a list of references to recent articles and to 
those of historical importance. 

W. S. BayLey. 


The Oil Exploration Work in Papua and New Guinea. Conducted 
by the Anglo-Persian Oil Company on behalf of the Government of 
the Commonwealth of Australia, 1920-1929. 4 Vols., 4to, Illus., and 
with Colored Geol. Maps and Sections. London, 1931. Price, £10. 


The report of the Anglo-Persian Oil Company on the results of the 
geological surveys carried out by it on behalf of the Commonwealth 
Government in Papua and New Guinea has been assembled under the 
editorship of B. K. N. Wyllie. 

The first volume opens with a foreword from Sir John Cadman, Chair- 
man of the Anglo-Persian Oil Company. This is followed by an His- 
torical Outline by B. K. N. Wyllie, Reports of the First Geological 
Expedition, 1920-1923, by various authors, and Drilling Operations at 
Popo, 1922-1929, by B. K. N. Wyllie. Volume 2 consists of Reports 
of the Second Geological Expedition, 1927-1929: Oriomo, Cape Vogel, 
Barum River, Sepik, Hansemann Coast, by various authors. Volume 3 
contains the Reports of the Second Geological Expedition, 1927-1929: 
Finsch Coast, by J. Nason-Jones. Volume 4 contains a Contribution to 
the Tertiary Geology of Papua, by J. N. Montgomery; A Brief Review 
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of the Oil Prospecting Work at Upoia, 1911-1920, by J. N. Montgomery; 
and a Critical Study of the Geology and Oil Prospects of Papua and New 
Guinea as revealed by the work of the Anglo-Persian Oil Company, 
1920-1929, by B. K. N. Wyllie. Volumes 5 and 6 consist of maps and 
sections admirably reproduced in color. 

The whole report forms an important contribution to geological litera- 
ture. Unfortunately its excellence results in high cost, which puts it 
out of reach of most individuals and institutions. Those portions of the 
report dealing with the highly complex geology of the two Territories 
are technical in character. Although it is clear that the present knowl- 
edge of the geological structure is quite rudimentary and that infinitely 
more study is necessary before theories can be set upon sure foundations, 
the problems are attacked fearlessly, though with commendable restraint, 
and tentative explanations are put forward. As is to be expected in the 
circumstances, it is necessary, in many cases, to suggest alternative 
hypotheses and to leave it to the future to decide whether any of them 
are completely satisfactory. That there should be marked differences of 
opinion in many matters is to be expected, and parts of the work will not 
be accepted without criticism. 

It is necessary to refer especially to the masterly treatise by Mr. Wyllie, 
which forms the culmination of the work. This reaches the high water 
mark of critical geological discussion and is concise and clear. Naturally 
for the people of Australia the burning question is “what hopes of 
obtaining oil are held out by the investigations”? The reply is disap- 
pointing; the report is almost completely damnatory in this respect. 

In the “ Foreword” Sir John Cadman says: 


It will be clear, from a study of these six volumes, that much valuable work 
has been done and that a very wide field of research has been covered, often in the 
face of great physical obstacles, and, unfortunately, without the encouraging 
stimulus of successful discovery. The acquisition of positive knowledge has 
necessarily been very gradual; early theories have been invalidated as the field of 
investigation widened, and, in general, the evidence, as it accumulated, tended not 
only to throw into relief the complexities of Papuan geology, but also, in doing so, 
to eliminate the early hope of large possibilities and quick results. 

Geology is not an exact science and it may be that certain of these views will be 
challenged. . . . It is clear that, at the best, much more work remains to be done, 
and more positive and more favorable evidence than is yet available needs to be 
obtained, before an optimistic case can be presented before facing large expenditure 
on actual exploitation work. The conclusions at which Mr. Wyllie arrives—with 
which, on the evidence presented, I see no reason to disagree—must therefore 
stand as authoritative and well-informed opinions until, and unless, they are con- 
tradicted by new research and discovery. 





In his critical review, Mr. Wyllie points to the analogies of the oilfields 
of the East Indies and indicates that, in these areas, the productive oil- 
fields are confined to the later Tertiaries (Neogene). In both Territories 
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the structures in rocks of this age are believed to be too much eroded and 
too fragmentary to hold out much hope of success. It is believed that the 
chances oi finding more than traces of oil in the older Tertiaries are small. 
Mr. Wyllie’s reasoning is close and logical, and must be accepted as a 
serious setback to the hopes which have been held out of successful oil 
search in New Guinea. If a criticism can be levelled at these conclusions 
it is that they are founded upon sharply defined theory, which, though 
plausible, has not as yet been proved. Admittedly also, analogies between 
oilfields are apt to be somewhat dangerous. So many factors enter into 
the question that each area constitutes a problem in itself and must be 
examined individually. That Mr. Wyllie recognizes this is shown by his 
frequently reiterated advice that much more preliminary research should 
be undertaken in that part of New Guinea which is under Australian 
jurisdiction before any deep drilling campaign is begun. 
In his summary Mr. Wyllie states: 


This review ends, therefore, with a note of pessimism. Some possibilities have 
been admitted, in regions not yet fully explored; but in the main, the hopes enter- 
tained by the earlier geologists have been rejected. 

Some part of this contradiction may be attributed to the changeableness of 
geologic theory. . . . In 1920-1921 structural geology was in complete control; 
all that geologists were required to do was to locate anticlines with adequate drilling 
depth of sedimentary rocks; common sense was supposed to be quite competent to 
mark out the regions to which oil-exploration should be directed; the geologist, 
then, was expected to get busy, and to do his stunt in time for the drilling equip- 
ment. . . . In 1921, a location on the Popo Anticline was quite in accordance with 
current oilfield practice. . . . Nevertheless, even apart from the difficulty of drill- 
ing through flowing mudstone, . . . the Popo location cannot any longer be re- 
garded as enjoying the full support of geological authority. On the contrary, 
cemparison with the nearest and most analogous oil-field regions, and reference to 
some of the most modern views regarding oil formation, tend to induce the belief 
that prospects of anything more than a slight, doubtfully economic oil-production 
at Popo and similar structures are exceedingly poor. . . . It has to be realized, in 
the first place, that prospects for the finding of substantial oil-fields in Papua, or 
New Guinea must—on the basis of the Anglo-Persian work, which has touched on 
most of the regions that cannot immediately be ruled out of the question—be pro- 
nounced rather remote; and, consequently, that oil-enterprises would be well advised 
to adopt an extremely critical attitude towards proposals to incur the great expense 
of drilling before geological research has had opportunity to check and re-check 
stratigraphic and structural data. . . . It is considered absolutely imperative that 
a full program of laboratory work (micro-paleontology and petrography) should 
be carried on in conjunction with fieldwork, as the sole means of ensuring that 
correct stratigraphic detail which is the only foundation for correct facies and 
structure-interpretation and accurate paleontographic reasoning. 

It is readily admitted that this is a reversal of the common order of events by 
which oilfields have been found, since the stimulus of a discovery-well has usually 
been necessary to promote the introduction of such refinements of geological 
technique. However, the example of the Government of the Dutch Indies in insti- 
tuting extensive geological researches in Sumatra, which were largely responsible 













































556 REVIEWS. 


for the discovery of many of the oil-bearing anticlines of Palembang and Djambi, 
may be offered as a satisfactory precedent. 

The writer, finally, desires to record his opinion that the search for oil in Papua 
and New Guinea could be approached most satisfactorily if it were regarded as 
only part of a scheme of systematic research into the geology and mineral resources 
oi the territories by a properly equipped geological survey department or depart- 
ments, maintained jointly or separately by the two Governments, on the plan of 
the British Colonial geological surveys—or the Mijnbouw in the Dutch Indies. 

If, however, it is still considered essential to give to oil precedence over all 
other minerals, fresh starting points from which research would appear likely to 
obtain valuable clues are here summarized. . . . These are: 

(1) The belt of country northwest and southeast of Nalopo Island in the Purari 
River, the sharply folded hill country to northeast and the swamp region to south- 
west (which may be less extensive than is shown on existing maps, and may 
possibly yield topographic structure-clues) ; 

(2) The southern coast of Goodenough Bay and the Ruaba Valley; 

(3) The middle Ramu Valley, in the region of the Arumene Hills; and 

(4) The country on the south side of the Torricelli Range, wherever best 
approachable.” 

W. G. WooLnoucu. 

CANBERRA, 

AUSTRALIA, 


Die Schlammanalyse. By H. Gessner. Pp. 244, figs. 102, 1 Plate. 
Akadem. Verlagsgesellschait. M. B. H., Leipzig, 1931. Price, $4.50. 
This book describes the best methods in the physical analyses of slimes 

and colloidal materials. It discusses the principles underlying dispersed 
systems, and the methods and processes of coagulation and similar 
processes. It treats of the dispersed systems, of the influence of the 
size of particles upon the rate of precipitation from such systems; the 
influence of coagulation upon such rates, and follows this theoretical 
treatment with a discussion of the various types of apparatus employed 
in determining the proportions of different sized particles in suspension 
in the system being analyzed. It concludes with about 70 pages of 
directions as to the proper procedure in the use of the apparatus. The 
book is furnished with several appendices and a good index. The 
author calls attention to the value of slime-analyses (Schlammanalyse) 
in soil studies, in ceramics, in sanitation engineering, in the study of 
structural materials, in many manufacturing industries, and in sedi- 
mentary petrography. 


W. S. BAyLey. 


Geology and Ore Deposits of the Boulder Belt, Kalgoorlie. By F. 


L. STILLWELL. Pp. 109, pls. 17, figs. 8. Western Australia Geol. Sur- 
vey, Bull. 94, Perth, 1929. 


The Boulder Belt, more romantically called the Golden Mile, is the 
central and most productive portion of Kalgoorlie and includes the re- 
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markable Aroya ore shoot, which alone has yielded over £7,000,000. 
North American geologists will find Dr. Stillwell’s report particularly 
interesting because the green-stone schists and accompanying porphyries 
are in many respects analogous to those of another great pre-Cambrian 
district, the Porcupine, in Ontario, while the ore itself with its abundance 
of tellurides has many points in common with that of Kirkland Lake. 

The greenstone schists, which are the principal wallrocks, are of two 
ages, an older extrusive series and a younger which the author considers 
intrusive although the evidence on this point “is not as definite as might 
be desired and rests chiefly on the configuration of the mass at surface 
and in depth” (p. 17). To the reviewer, the boundary between the two 
greenstones, as shown on the maps and sections, strongly suggests a folded 
contact in the form of a deep syncline whose northeastern limb carries 
a southeast-pitching double minor anticline. Should this view be tenable, 
the evidence of intrusive origin would be less compelling. In this con- 
nection, the description of the narrow bands of graphitic slate which 
occur, among other places, at or near a part of the contact between the 
two greenstones, is so reminiscent of the carbonaceous bands occurring 
between certain flows in the Porcupine district (where recent work has 
quite convincingly shown them to be sediments) that one is tempted to 
vonder if the Kalgoorlie greenstones may not also be flows with inter- 
bedded sediments. 

The chemical analyses reveal the thread of chemical similarity running 
through the igneous series and the progression from early basic flows 
to late acid dikes. As in many deep-seated gold deposits, hydrothermal 
alteration is superimposed upon regional metamorphism. 

The maps show strikingly the approximate parallelism of the lodes to 
the porphvritic dikes. Chiefly upon this evidence and upon the occur- 
rence of tourmaline both in the lodes and in the dikes, the author bases 
his belief that the dikes and veins are genetically related, although a par- 
ticularly critical reader might ask for additional proof that the relation 
is necessarily more than merely a structural one. 

The localization of the ore shoots at intersections of the lodes with 
each other and with cross joints is clearly brought out, as is the prefer- 
ence of the veins for the younger greenstone (quartz dolerite), and their 
lack of persistence far beyond the contact with the older greenstone. In 
view of this habit the author considers that the future of the district in 
depth is limited because of the encroachment of the older rock. On the 
upver levels, however, the maps show many inviting unprospected inter- 
vals along productive lodes, and for this reason alone the author’s com- 
nilation of data from many independent mines should be of great practical 
value to the local operators. To students of ore deposits the excellent 
description and three-dimensional portraval of ore occurrence in a 
famous district will be most instructive. 


H. E. McKinstry. 
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Ground Water Supply of Mimbres Valley, New Mexico. By W. N. 
Wuite. Pp. 22, map. U.S. Geol. Surv. Water Supply Paper 637-B. 
1931. 

Iron Ore on Canyon Creek, Fort Apache Indian Reservation, Arizona. 
By E. F. Burcuarp. Pp. 30, pls. 5, figs. 4. U.S. Geol. Surv. Bull. 
821-C, 1931. Fifteen million tons of hematite ore that has replaced 
the Mescal limestone. 


Tanganyika Territory Geological Survey, Annual Report, 1929. Pp. 
60, pls. and maps, 6. Dar es Salaam, 1930. Miscellaneous articles on 
general geology, ore and non-metallic deposits, and ground water. 


Sand and Gravel Resources of the Coastal Plain of Virginia. By C. 
K. WENtWorTH. Pp. xiv-+ 146, pls. 19, figs. 154, tables 4. Virginia 
Geol. Survey, Bull. 32, Richmond, 1930. General geology; detailed dis- 
cussion of terraces; geologic history; and economic features of sand 
and gravels, by counties. 


Geological Survey of Uganda, Summary of Progress, 1919-1929. Pp. 
44, pls. 6, map. Entebbe, Uganda Protectorate, 1931. Price, 4s. 


Chrysotile Asbestos Deposits, Krasnouralsky Mine, Ural Mountains. 
By V. V. Armtnov and B. MEerenkKov. Pp. 83, figs. 40, map. Moscow, 
1930. Geology and petrography of chrysotile asbestos deposits of the 
Krasnouralsky Mine. In Russian, with summary (3 pp.) in English. 


Geology of the Pinckneyville and Jamestown Areas, Perry County, 
Illinois. By A. H. Bert, C. Bett and L. McCase. Pp. 22, figs. 5. 
Jil. State Geol. Surv. Press Bull. Ser. 19, April, 1931. 


Refractory Clays in Calhoun and Pike Counties, Illinois. By J. E. 
Lamar. Pp. 43, figs. 6. Ill. State Geol. Surv. Rept. of Inves. 22. 
Urbana, 1931. 

Canada Geological Survey, Summary Report, 1929, Pt. B. Pp. 202, 
figs.9. Publ. No. 2255. Ottawa, 1930. Includes the following: High- 
wood-Jumpingpound Anticline, etc., Alberta, by G. S. Hume; Strati- 

graphic Sections in the Foothill Region between Bow and North 

Saskatchewan Rivers, by C. S. Evans; Reconnaissance Survey of 

Foothill Region, Wapiti Basin, Alberta, by C. S. Evans and J. F. 

Ca.eEy ; Oil and Gas, Central Saskatchewan, by P. S. WARREN; Stratig- 

raphy, Clay and Coal, Southern Saskatchewan, by F. H. McLearn; 

Groundwater Resources of Regina, Sask., by H. E. Simpson; Cre- 

taceous Stratigraphy of Manitoba Escarpment, by S. R. Kirx; Gold, 

Copper-Nickel, Tin, S.E. Manitoba, by F. J. Wricut; Mistake Bay 

Area, Hudson Bay, by L. J. WereExs; Deep Borings in Prairie 

Provinces, by D. C. Mappox. 
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Canada Department of Mines, Rept. for the year ending March 31, 
1930. Pp. 61. Publ. No. 2269. Ottawa, 1931. Price, 25 cts. 

Notes on the Mineral Deposits in the Newala-Lindi Area (Tan- 
ganyika). By G. M. SrockLey, with Notes on Certain Associated 
Rocks, by F. Oates. Pp. 34, maps 2. Geol. Surv. Tanganyika Terri- 
tory, Short Paper No. 7. Dar es Salaam, 1931. General geology and 
deposits of garnet, graphite, apatite, asbestos, economic rocks. 

The Geology of the Country West of Mount Darwin (Southern 
Rhodesia). By B. Licgutroor and R. TynpaLe-Biscoe. Pp. 54, pls. 
6, fig. 1; map. So. Rhodesia Geol. Surv. Bull. 10, Salisbury, 1931. 
Price, 2s, 9d. Detailed general geology, deposits of gold, molybdenite 
and limestone. 


World Survey of the Zinc Industry. By W. R. InGaAttis. Pp. 128. 
Min. and Met. Soc. of America, New York, 1931. Occurrences, 
statistics, uses, technology of production and treatment, the industry, 
survey of world mines. 


Niagara Falls Survey of 1927. By W. H. Boyp. Plates 5, figs. 13, 
tables 3. Canada Geol. Surv. Memoir 164. Publ. No. 2246. Ottawa, 
1930. 

Poland Geological Survey, Bull. 2, vol. VI. Pp. 230, figs. 7, pls. 4. 
Warsaw, 1930. (In Polish and French.) 


The Gold Resources of the World. Pp. xiv + 457, numerous plates 
and maps. Fifteenth International Geological Congress Committee, 
with summary by A. C. Sutherland. Pretoria, 1930. The Symposium 
volume contributed by representatives of 49 countries. Exhaustive. 

Water Power Resources of the Mackenzie River and Its Tributaries, 
Oregon. By B. E. Jones and H. T. Stearns. Pp. 33, pls. 9, figs. 4. 
U. S. Geol. Survey Water Supply Paper 637-C, 1931. Price, 15 cts. 

Surface Water Supply of the United States, 1927. Pt. V: Hudson 
Bay and Upper Mississippi River Basins. Pp. 114, fig. 1. U.S. 
Geol. Surv. Water Supply Paper 645. Price, 20 cts. 

Nitrate Deposits in Southeastern California, with Notes on Deposits 
in Southeastern Arizona and Southwestern Mexico. By L. F. 
Nose. Pp. 108, pls. 19, figs. 7. U.S. Geol. Survey Bull. 820, 1931. 
Price, 45 cts. Geologic occurrence, descriptions, and conclusions re- 
garding numerous localities. 

Copies of books mentioned under ‘“ Reviews” or under our * New Book List” 

(see advertisement page) may be purchased through our Journal Bookshop by 


wrifing to W. S. Bayley, University of Illinois, Urbana, II. 





SCIENTIFIC NOTES AND NEWS 


L. C. Graton, of Harvard University, is investigating the Hollinger Mine 
at Porcupine, and the nickel mines near Sudbury. Later, he will be at the 
Hercules mine near Wallace, Idaho, and will visit other western mining 
districts. 

D. H. McLaughlin is engaged in geological work at the Homestake 
Mine and in mine examinations in Canada and California. He will spend 
a few weeks in field work in the Tayoltita and Guancevi districts in 
Mexico. 

M. N. Short, author of U. S. Geological Survey Bulletin 825, recently 
issued, on “ Microscopic Determination of the Ore Minerals,” has been 
appointed professor of optical mineralogy in the College of Mines and 
Engineering of the University of Arizona. 

C. L. Cooper, of the Oklahoma Geological Survey, has now taken a 
position with the Kentucky Geological Survey, at Frankfort. 

Anton Gray, chief geologist of the Mufulira Mines, Rhodesia, is in 
London for a brief period. 

Esper S. Larsen, of Harvard University, is at work in the field in 

‘alifornia and will continue throughout the summer, 

Charles A. Mitke lately returned to New York from a trip to Australia. 

Frederick G. Clapp will remain for some time in New York City. 

F. W. DeWolf, formerly State Geologist. of Illinois, and recently with 
the Louisiana Land and Exploration Company of Houston, Texas, has 
been appointed head of the Department of Geology at the University of 
Illinois upon the retirement of W. S. Bayley. 

R. DeC. Ward, of Harvard University, is doing field work in the West 
Indies in connection with writing for the new Képpen-Geiger “ Handbuch 
der Klimatologie” the chapters on climatology of the United States, 
Mexico, and the West Indies. 

Russell Gibson, of Harvard University, is examining mines and pros- 
pects in northwestern Montana and mapping the geology for the U. S. 
Geological Survey. 

W. E. McCourt, dean of the faculty of Washington University, St. 
Louis, Mo., was lately given a complimentary dinner in honor of his 
twenty-five years of service in his department. 

Harold S. Kemp, instructor in geography at Harvard University, is 
collecting material in Central Europe, especially the Balkan States, for 
the forthcoming “ Geography of Europe” on which he and Professor 
Blanchard are at work. 





The recently published 20-volume index (336 pages) of Economic Gerotocy for 
1905 to 1925, compiled by J. M. Nickles, may be obtained for $3.00 from W. a 
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